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Keynote Addresses

1. Environmental Restoration Technologies: The View from the Office of Science
and Technology
John Lehr, Acting Associate Deputy Assistant Secretary for Science and Technology
for the Department of Energy

2.  Technology Update at the Savannah River Site, 1999 - 2000
     Thomas F. Heenan, Assistant Manager for Environmental Programs, Department of
     Energy - Savannah River Site

3.  Department of Defense Cleanup Program
     Colonel John Selstrom, Director, Department of Defense Environmental Cleanup
     Programs
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Historical Perspective

� Largest clean up program in the world

� Experienced rapid budget growth in early
years

� Current/projected budgets are flat



Organizational Focus

� EM Originally contained program offices
focused on
� Waste Management

� Environmental Restoration

� Research, Development, Demonstration,
Testing and Evaluation



The New Look in EM

� New emphasis is to close sites by 2006

� New Program Offices are
� Integration and Disposition

� Project Completion

� Site Closure

� Science and Technology

� Safety, Health and Security

� Project Management



Management Tools

� Management tools have included:
� Five Year Plans (1990, 1991,1992)

� Baselines

� BEMR (1995, 1996)

� Ten Year Plan (1996)

� Paths to Closure (1998, 1999, 2000)

� Baselines

� Life-cycle cost estimating



Paths to Closure - 2000

� 69 of 113 sites are cleaned up
� approximately 109 sites will require some form

of stewardship at an estimated cost of $10B
through 2070

� Cost to complete cleanup estimated to be
$151-195B
� approximately 67% of these costs will be

incurred after 2006



Paths to Closure - 2000

� Costs of D&D of facilities not yet in the EM
program estimated to be $25B

� The magnitude of these outyear costs makes
it clear why ERTEC conferences are
important



EM�s Priorities

� Safety First
� Through lessons learned and applications of

new technologies, we will do a better job of
protecting our workers, our citizens, and the
environment

� Risk Reduction
� New technologies and better ways of doing

business will reduce current and future risks



EM�s Priorities

� Management Accountability
� By sharing information, we can better

strengthen our program and get the most for
taxpayer dollars

� Decision Transparency
� We will involve other agencies, other countries,

and other viewpoints in EM - by working
together, we can better communicate and
accomplish more



EM�s Priorities

� Stewardship
� A key component to our EM mission, as

evidenced by the new Office within OST

� Scientific Orientation
� Good science and good technological expertise

will enable us to more efficiently accomplish
our mission



EM and You:
The Technology Challenge
� EM needs to apply new technologies more

rapidly

� EM needs a more efficient program

� EM needs to develop, improve, demonstrate,
or otherwise provide technologies to meet
environmental restoration needs

� EM needs to reduce its technological risk

� EM needs to reduce its costs



EM�s Tools to Address
The Technology Challenge

� Information exchange at conferences such as
ERTEC

� Accelerated Site Technology Deployment
Initiative
� Require multi-site deployments

� Provide incentives to end users to try new technologies

� Leverage funding for users and developers

� Integrate new technologies into site cleanup
operations - Change the Baseline!



Science and Technology in EM

� 450 deployments of ~200 technologies
since 1989

� More than 129 first-time deployments of
OST technologies in the past three years

� More than 50 sites successfully cleaned up
using innovative technologies
� soil washing

� in-situ bioremediation

� vapor extraction and DNAPL treatment



Science and Technology in EM

� OST�s Investment Strategy
� Solution-driven investing - ~800 needs

identified

� Full integration among cleanup projects - user
steering committee and user endorsement

� Comprehensive approach from science through
deployment - centers of excellence; Multi-Year
Program Plans

� Apply a credible decision process - problem
owner must commit to deployment



Major Challenges/Successes

� Tanks
� More than 30 technologies with 80

deployments

� Robotics, advanced mixing and mobilization
techniques have removed wastes and reduced
treatment needs

� Selective separations technologies

� Remote tank integrity verification will be
available soon



Major Challenges/Successes

� Environmental Restoration/Subsurface
Contaminants
� More than 50 technologies with 150

deployments

� In-situ thermal treatment methods remove
contaminants in months rather than years

� Enhanced bioremediation

� In-situ reactive barriers

� Improved characterization methods



Major Challenges/Successes

� D&D
� More than 75 technologies with 150

deployments

� Improved measurement systems

� Robotic measurement and inspection systems

� Better cutting tools/remote operations

� Improving worker safety and productivity



Major Challenges/Successes

� Mixed Waste
� Remote assay technologies

� TRU material handling

� TRU waste payload enhancement

� Unique waste stream solutions

� Alternatives to incineration



Conclusion

Investments in Science and Technology are

Investments in Site Closure and Project

Completion
   Cost - savings or avoidance

   Schedule - acceleration of projects

   Safety - enhance worker protection

   Risk - reduce risk to public and environment

   Performance - improvement over baseline or
enabling what couldn�t be done



Conclusion

� We have accomplished a tremendous
amount in the past ten years

� We have even more to accomplish over the
next 6 years

� We can succeed if we take advantage of
opportunities like this conference to share
information and experience



EM�s Investment in Science and Technology is
Paying Off

05/01/00-05/11/00   1                                                                               Office of Science and Technology
TAN 20-04.9

OST Technologies Also Increase
Worker Safety and Productivity

Room Fogging with Master Lee Insta-Cote TM

� Contamination level decreased drastically with use of this technology

� Reduces worker exposure and worker crew size requirements

NDA Support of the CAO�s Performance Demonstration Program for WIPP

� Ensures that radioassay characterization systems are providing valid data

� Remote Handling avoids worker exposure
� Meets WIPP Compliance Criteria

� Deployed at four DOE Sites
Personal Ice Cooling System

� Significantly increases productivity and reduces cost
� Projected 10 year savings is $3.8M at INEEL

� Deployed at INEEL, Fernald, and Rocky Flats

Remote Systems for Dismantlement of Glove Boxes

� Reduces potential worker exposure and releases to the environment

� Supports Rocky Flats Accelerated Site Closure by 2006
Low Dose Radiation Research

� Increased understanding of radiation effects on human and ecological health
HANDSS-55 Automated waste sorting and characterization

� Remotely removes unsuitable materials from Pu-238 waste drums
� Eliminates worker exposure

Enhanced Sludge Washing at Hanford Tanks $5 Billion

� Removes non-radioactive material that limits waste loading in the 
glass 

Optimize Groundwater Strategy at Fernald $3 Billion

� $40 to $50 Million savings from Groundwater Reinjection , in 

combination with 17 year schedule acceleration 

Gunite  and Associated Tanks at Oak Ridge $350 Million

� 24 new technologies were deployed at the GAAT tanks

C-Reactor Interim Safe Storage at Hanford $111 Million

� Completion of 7 additional reactors will result in cost savings 
of $484M

Enhanced In- Situ Bioremediation at INEEL $  73 Million

� Significantly reduces remediation time from 30 to 15 years 

� Lower risk to workers and environment
Integrated Soils Characterization at Fernald $  34 Million

� Provides almost real-time analysis

Booked Cost Savings

Cost Savings Expected from Ongoing Projects

Waste Loading for DWPF Canisters $300 Million
� Improved waste formulations

Dynamic Underground Stripping & Hydrous  Pyrolysis $125 Million

� Mobilizes and destroys DNAPLs in soils

� Currently underway at SRS and Portsmouth

Rocky Flats Glovebox Initiative $125 Million

� Automation of glovebox D&D

Polymer Macroencapsulation $    9 Million

� Resulted in cost avoidance of $1.3M at Richland

� In 2000, 1060m 3 of waste will be macroencapsulated



Additional information about the OST program and
individual technologies is available on the Internet.

 Office of Science and Technology           http://ost.em.doe.gov
Program Information
Technology Management System

detailed on-line information on all OST technologies
Publications

Innovative Technology Summary Reports
Focus Area Annual Reports
Success Stories
Deployment Information

Focus Areas

Deactivation and Decommissioning www.netl.doe.gov/dd
Mixed Waste http://wastenot.inel.gov/mwfa
Subsurface Contaminants http://www.envnet.org/scfa
Tanks http://www.pnl.gov/tfa

Environmental
Management

Science Program

http://emsp.em.doe.gov



DoD_4/00_jlm

Technology Update
at

Savannah River Site
1999-2000

Technology Update
at

Savannah River Site
1999-2000

June
2000
June
2000

Environmental Restoration
�Restoring the Environment Today for a Cleaner Tomorrow�

Thomas F. Heenan
Assistant Manager for

Environmental Programs

Thomas F. Heenan
Assistant Manager for

Environmental Programs



Savannah River SiteSavannah River Site

South CarolinaSouth Carolina

Atlantic Ocean

GeorgiaGeorgia

SRS
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Waste units mapWaste units map

Major ER Waste Units Identified at SRSMajor ER Waste Units Identified at SRS

D/TNXD/TNX

Savannah River Site
Environmental Restoration Program

Savannah River Site
Environmental Restoration Program

Major Inactive Waste Units

Monitored Groundwater Contamination

Localized Groundwater Contamination

Remedial Action Complete or Ongoing

Major  Identified D&D Facilities

■ 
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 Area
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Contamination Areas
8 Area Groundwater
Remediation Systems
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4 Billion Gallons

Treated

11 Groundwater
Contamination Areas

8 Area Groundwater
Remediation Systems

Running
4 Billion Gallons

Treated

500
Acres

340 Completed or
in Remediation

500
Acres

340 Completed or
in Remediation

515
Waste Sites

277 Completed or in
Remedial Design

515
Waste Sites

277 Completed or in
Remedial Design

Nonradioactive Waste 
Disposal Facility

Nonradioactive Waste 
Disposal Facility

A/M AreaA/M Area

Burial Ground
Complex

Burial Ground
Complex F/H-AreaF/H-Area
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F/H gw tr. unitsF/H gw tr. units

F/H-AreaF/H-Area
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D-area remD-area rem

D-TNX AreaD-TNX Area
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Innovative DesignInnovative Design

Purge Water
Management

System

(PWMS)

Purge Water
Management

System

(PWMS)



Purge Water Management System

Permanent 
Plant 

Equipment

PWMS
Prototypes

Bladder
(Inside
Tank)

Steel
Tank

Inlet

0-250
PSIG

Flow
Meter

Air
Release 

Valve

Supply
System

Return System
Sight
Glass

Tank
Sample

Port

Outlet

Well
Sample 

Port

Riser Pipe

Submersible
Pump

Submersible
Pump

Throttle

Check
Valve

Well Fluid Level Indicator

Well ScreenWell Screen



Tankless Purge Water Management System

Well ScreenWell Screen

Inflatable Well PackerInflatable Well Packer

Well
Sample

 Port

Riser Pipe

Volume  for
Returned Purged
Water

Flow
MeterPacker Air

Fill & Vent

Influent Line

Ball 
Valve

0-250
PSIG

�Significant reduction in purge volume
�Variable speed pump is utilized

�Inflatable well packer is used
�Packer is inflated prior to sampling
�Water chemistry is not altered



DoD_4/00_jlm
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Sample
Port for

EPA implants



Nonrad remA/M Area

Nonradioactive Waste 
Disposal Facility

Nonradioactive Waste 
Disposal Facility

5/995/99

Nonradioactive Waste Disposal Facility
Enhanced Bioremediation

Using Horizontal Wells

Nonradioactive Waste Disposal Facility
Enhanced Bioremediation

Using Horizontal Wells

5
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20

TCE

40

2
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VC

1700 ft. wells

1700 ft. wells

Bioremediation Facility
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Bioremediation Facility
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D-area remD-area rem

Oil Drum Removal

D-TNX AreaD-TNX Area

Bioremediation
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F/H gw tr. units

F/H-AreaF/H-Area
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Institutional
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Stabilization
and

Institutional
Control
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PhytoremediationPhytoremediation
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     Monitored Natural Attenuation     Monitored Natural Attenuation

BaroBallTMBaroBallTM



Natural Attenuation of TCE Plumes atNatural Attenuation of TCE Plumes at
L-Burning Rubble Pit over 5 YearsL-Burning Rubble Pit over 5 Years
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Destruction of organic
contaminants in groundwater

in the root zone of trees

Destruction of organic
contaminants in groundwater

in the root zone of trees

contaminated

Hydraulic control of
plumes by

evapotranspiration

Hydraulic control of
plumes by

evapotranspiration

groundwater

Removal of metals/rads
from shallow soils by
absorption into plant

biomass

Removal of metals/rads
from shallow soils by
absorption into plant

biomass
U,Th U,Th

Zinc, Iron, Copper        Manganese

Constructed
wetlands to

precipitate heavy
metals from surface

waters

Constructed
wetlands to

precipitate heavy
metals from surface

waters

Deployment of PhytoremediationDeployment of Phytoremediation

Vegetative landfill
covers utilizing

evapotranspiration

Vegetative landfill
covers utilizing

evapotranspiration

waste

Opportunities 2000Opportunities 2000
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Drip
Irrigation
System

Confining UnitConfining Unit

D-Area Phytoremediation Treatability StudyD-Area Phytoremediation Treatability Study

Flow Direction

Water Table

Water Flow Direction

Upper
Three
Runs

Aquifer



Source Control

Specific Technologies:
Grouting , Capping, Pump & Treat , Soil Vapor
Extraction, Steam Heating (Dynamic Underground
Stripping)

Source Control

Specific Technologies:
Grouting , Capping, Pump & Treat , Soil Vapor
Extraction, Steam Heating (Dynamic Underground
Stripping)

Dilute Plume / Fringe
Specific Technologies:
BaroBallTM , Phytoremediation, Monitored Natural
Attenuation/Mixing Zones

Dilute Plume / Fringe
Specific Technologies:
BaroBallTM , Phytoremediation, Monitored Natural
Attenuation/Mixing Zones

Primary Groundwater Plume

Specific Technologies:
In Situ Chemical Oxidation (Fenton�s Chemistry),
Horizontal Wells, Bioremediation, Recirculation
Wells

Primary Groundwater Plume

Specific Technologies:
In Situ Chemical Oxidation (Fenton�s Chemistry),
Horizontal Wells, Bioremediation, Recirculation
Wells

General Groundwater StrategyGeneral Groundwater Strategy

                        VOC Contaminant SourceVOC Contaminant Source

SRS
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Environmental Programs:

June 2000 Activities
Environmental Programs:

June 2000 Activities

Dynamic
Underground

Stripping
(DUS)

Dynamic
Underground

Stripping
(DUS)

� Dense Non-Aqueous Phase
Liquid remediation through
DUS  reduces schedules by
decades over conventional
treatment methods

� Expecting more than 20%
savings over conventional
methods

� Dense Non-Aqueous Phase
Liquid remediation through
DUS  reduces schedules by
decades over conventional
treatment methods

� Expecting more than 20%
savings over conventional
methods

SRS
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Conceptual Layout and Typical Locations
for ATs, TDRs, and Lysimeters

Conceptual Layout and Typical Locations
for ATs, TDRs, and Lysimeters

� First comprehensive,
state-of-the-art Vadose
(unsaturated) Zone
Monitoring System used
in the DOE complex

� Potential cost
avoidance of $1M - $3M
annually

� First comprehensive,
state-of-the-art Vadose
(unsaturated) Zone
Monitoring System used
in the DOE complex

� Potential cost
avoidance of $1M - $3M
annually

Vadose Zone
Monitoring System

(VZMS)

Vadose Zone
Monitoring System

(VZMS)

Environmental Programs:

June 2000 Activities
Environmental Programs:

June 2000 Activities
SRS
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PhytoremediationPhytoremediation

� Passive tritium control
and phytoremediation at
the Mixed Waste
Management Facility

� Phase 1 using existing
trees; Phase 2 exploring
other tree species

� Passive tritium control
and phytoremediation at
the Mixed Waste
Management Facility

� Phase 1 using existing
trees; Phase 2 exploring
other tree species

Environmental Programs:

June 2000 Activities
Environmental Programs:

June 2000 Activities
SRS
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� Cooperative venture among
Forest Service,
Ecology Lab, SRS
Environmental Restoration,
and universities

� RODs issued at D-Area Oil
Seepage Basin, Old F-
Retention Basin, and K-
Area Burning Pit/Rubble
Pile

� Cooperative venture among
Forest Service,
Ecology Lab, SRS
Environmental Restoration,
and universities

� RODs issued at D-Area Oil
Seepage Basin, Old F-
Retention Basin, and K-
Area Burning Pit/Rubble
Pile

Monitored Natural
Attenuation

(MNA)

Monitored Natural
Attenuation

(MNA)

Environmental Programs:

June 2000 Activities
Environmental Programs:

June 2000 Activities
SRS
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Evolution ofEvolution of
RemediationRemediation

at SRSat SRS

Evolution ofEvolution of
RemediationRemediation

at SRSat SRS

AirstripperAirstripper

F-H Area Groundwater
Treatment Units

F-H Area Groundwater
Treatment Units

ChemicalChemical
PlantsPlants

ChemicalChemical
PlantsPlants

NaturalNatural
ProcessesProcesses

NaturalNatural
ProcessesProcesses

MuckMuck
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TruckTruck

MuckMuck
&&

TruckTruck

F-H Area 
Seepage Basins

F-H Area 
Seepage Basins

M-Area Seepage BasinM-Area Seepage Basin

MonitoringMonitoring

     Phytoremediation     Phytoremediation

BioremediationBioremediation



Environmental Restoration TechnologyEnvironmental Restoration Technology
ER TEC 2000

End User Conference

Colonel John Selstrom
Director

DoD Environmental Cleanup Programs
June 7, 2000



What Do We Do?

� Policy
� Oversight
� Advocacy
� Representation



Our Cleanup Vision

� Doing the Right Thing
� Getting Done -- Sites Closed

� Permanent Remedies
� Regulator Agreement

� Public Acceptance



Our Cleanup Mission

� Eliminate Risk
� Health

� Ecological
� Unexploded Ordnance

� Eliminate Liability
� Sites Closed (Remediation)

� Covenant Not to Sue (Restoration)



Federal Facilities Environmental
Restoration Dialogue Committee

Final Report

� Page 83 - �The Importance of Strategic
Planning, Life Cycle Cost Analysis, and
Project Baselines

� Page 89 - �Project End Dates, Out Year
Milestones and Near Term Milestones�

� Page 96 - �The Importance of Stable, but Not
Necessarily Level, Funding



Tiered Partnering
with HQ EPA

Senior Policy Decision

Policy Review

Policy Development

Issue ID &
Alternative Analysis

OSD/Services 
Steering Group

DUSD(ES) - Chair
Service DASs

Program Support
DUSD(ES) Action Officer

BAH  and/or Mitretek
Services

Specialized Working Groups

John Selstrom & Jim Woolford 

Karla Perri & 
Mike Shapiro 

Sherri
Goodman

& Tim Fields



Brainstorming 3 - 4 Meetings

Definition/Clarification

Use the Same Terms
Define Terms the Same Way
Eliminate Mis-Interpretation

Framing Viewpoints
Pro/Con Analysis

Use the Same Terms
Define Terms the Same Way
Eliminate Mis-Interpretation

Problem

Issue Defined

Issue Definition Process



Issue Resolution Matrix

Issue EPA
Position

DoD
Position

Evaluation Recommendations
for Moving

Forward



Technology by Component
FY01 Budget
$187 Million

SERDP
$52M (28%)

ESTCP
$25M (14%) Army

$25M (13%)

Navy
$85M (45%)

Air Force
$0



DUSD(ES) & Technology

� SERDP

� ETSCP

� Federal Remediation Technologies
Roundtable

� Service Technology Programs



DUSD(ES) & Technology

� In-House Review  23-24 February 2000

� Action Items
� web-based prioritized user-requirements

� Increase dialogue

� Leverage DENIX with SERDP & ETSCP

� Create an Environmental Technology
Committee of the Defense Environmental
Security Council



DUSD(ES) & ITRC

� Financial Support

� Voluntary Agreements

� Reciprocity



DoD Strategic Plan for
Environmental Management of

Military Ranges

ActiveActiveActive
FacilitiesFacilitiesFacilities

Closed,Closed,Closed,
TransferringTransferringTransferring
andandand
TransferredTransferredTransferred
FacilitiesFacilitiesFacilities

FacilitiesFacilities
with with 
UXOUXO

Need to manage the safety and environmental aspects of UXO,
as well as other environmental issues, at both types of facility

DOD Instructions
~ August 1999

Range Rule
~ August 2000



Five UXO Mission Areas



UXO Technology
Development Process

Army EQT/ SERDP DERP/O&MESTCP

DUSD(S&T) DUSD(ES)DUSD(ES)DUSD(ES)DUSD(ES) Commercial

RequirementsRequirements

Basic/Applied
 Research

Basic/Applied
 Research

Demonstration/
Validation

Demonstration/
Validation

ImplementationImplementation

CommercializationCommercialization

Advanced
Development

Advanced
Development

REGULATORY COOPERATION
INDUSTRY PARTNERSHIPS



Coordinated UXO Cleanup
R&D

SERDP

Army EQT
MURI Demining 
DARPA 
Countermine
EOD

ESTCP

new sensor and 
signal processing

real world data
tech transfer

Private Sector
Services (A,N,AF)
Regulatory Community

commercialization
tech transfer
lessons learned



UXO Site Remediation
-Steps-

� Historical/Archive Records Search

� Planning and Coordination

� Surface Clearance/Preparation

� Subsurface Investigation

� UXO Removal/Destruction

� QA/QC

� Periodic Site Review



UXO Management Principles
-Technology-

� Advances in Technology Can Provide
Significant Improvements
� �The critical metrics ... are the probability of detection

and false alarms.  A UXO detection technology is most
completely defined by a plot of the probability of
detection versus the probability or rate of false alarms.�

� �Full project costs must be considered when evaluating
a detection technology�

� �Rapid employment of the better performing,
demonstrated technologies needs to occur.�



State of Technology

� Historical Use of �Mag and Flag�

� New Generation of Digital Geophysics

� Demonstrated and available

� Digital Geophysics Advantages

� Performance & Cost

� Management & Regulatory Oversight

� Emerging Processing and Sensor Advances



Old Method
�Mag and Flag�



New Method: Digital Geophysics



Thoughts on Technology
For Hazardous Waste

� Going to the Party with what we have
� Need:

� Modeling

� Monitoring

� Long Term Operation

� Technology failure should be an
acceptable risk -- with options readily
available



Thoughts on Technology
For Unexploded Ordnance

� On the Ground Floor

� Learn from Hazwaste Technology
Deployment

� All phases need help
� Site Characterization

� Debris collection and disposal

� ??What will bring industry $$$$  ????



Environmental Cleanup
Annual Report to Congress

� �On the WEB�

� Interactive, searchable

� Links to installations

� Next year -- GIS based

� Goal is Program Transparency



Department of Defense

Environmental CleanupEnvironmental Cleanup

Building Trust
By Doing the Right Thing!
And Getting Done

Colonel John Selstrom
703-697-9107 ~~~ selstrj@acq.osd.mil

FAX ~ 703-697-7413



Technical Presentations

1. Deep Air Sparging of a Chlorinated Solvent Source Area
    Scott A. Glass, U.S. Navy, NAVFAC Southern Division

2. Lessons Learned from Installing a Comprehensive Active Vapor Extraction
    System
    John Bradley, Savannah River Site

3. PHOSter�
    James Brickell, Earth Tech, Inc.

4. Electronic Knowledge Management
    Richard Hammond, USEPA Region 4 Federal Facilities Branch

5. Phytoremediation of Arsenic Contaminated Soils and Wastes
    Lena Ma, University of Florida  (NOT AVAILABLE)

6. GIS Applications for Watershed Risk Analysis and Data Needs Evaluations
    Tracy J. McLane, Savannah River Site

7. The Successful Demonstration of Lasagna at PGDP for Removing TCE from Clay
    Chris Athmer, Terran Corporation

8. In-Situ Oxidation of DNAPL Using Permanganate: IDC Cape Canaveral
    Demonstration
    Jay Dablow, IT Corporation

9. In-Situ Chemical Oxidation and Monitored Natural Attenuation for
    Accelerated/Cost Efficient Cleanup at the Naval Submarine Base (NSB),
    Clifton C. Casey, Southern Division Naval Facilities Engineering Command

10. Usefulness of Diffusion Samples for Detection of TCE in Groundwater Plume
    Outcroppings
    Jerry Nelsen, Savannah River Site

BIOGRAPHIES



Deep Air Sparging of aDeep Air Sparging of a
Chlorinated Solvent Source AreaChlorinated Solvent Source Area

Former Naval Air Station Cecil Field,Former Naval Air Station Cecil Field,
Jacksonville FLJacksonville FL



BCTBCT
BRAC Cleanup Team was formed in 1993.BRAC Cleanup Team was formed in 1993.

The BCT is comprised of representatives from the Navy, The BCT is comprised of representatives from the Navy, 

the U.S.EPA Region 4, the Florida Department of the U.S.EPA Region 4, the Florida Department of 

Environmental Protection and support contractors.Environmental Protection and support contractors.

The BCT is charged with cleaning up the former NavalThe BCT is charged with cleaning up the former Naval

Air Station Cecil Field to return it to the local community Air Station Cecil Field to return it to the local community 

for beneficial reuse.for beneficial reuse.





Installation HistoryInstallation History

Established in 1941.

West of downtown Jacksonville, FL.

Provided facilities, services and material
support for operation and maintenance of
naval weapons, aircraft and other units.

Approximately 31,000 acres.

17,607 acres to be transferred to the local
community, remainder retained by the Navy.

Base closed in September 1999.Base closed in September 1999.



Regulatory BackgroundRegulatory Background

HSWA Permit signed October 1987.HSWA Permit signed October 1987.

Placed on the National Priorities List in 1989.Placed on the National Priorities List in 1989.

Federal Facilities Agreement signed October 1990.Federal Facilities Agreement signed October 1990.



Site 16 ROD amendment approved April 1999 to change source areaSite 16 ROD amendment approved April 1999 to change source area
treatment to Airtreatment to Air Sparging Sparging/Soil Vapor Extraction and monitored/Soil Vapor Extraction and monitored
natural attenuation fornatural attenuation for downgradient downgradient plume. plume.

Site 16 ROD for groundwater approved in September 1996.  PumpSite 16 ROD for groundwater approved in September 1996.  Pump
and treat source area and discharge to FOTW.  Enhancedand treat source area and discharge to FOTW.  Enhanced
bioremediation forbioremediation for downgradient downgradient plume. plume.

Source removal action conducted in 1994 to remove seepage pit,Source removal action conducted in 1994 to remove seepage pit,
holding tank, bead separator, associated piping and approximatelyholding tank, bead separator, associated piping and approximately
1,500 yd1,500 yd33 of contaminated soil. of contaminated soil.

Site BackgroundSite Background



Site BackgroundSite Background
Aircraft Intermediate Maintenance Department (AIMD) Seepage Pit.Aircraft Intermediate Maintenance Department (AIMD) Seepage Pit.

Source area groundwater contamination existed at depths toSource area groundwater contamination existed at depths to
the confining layer at concentrations approaching 1,000,000the confining layer at concentrations approaching 1,000,000
ugug/l./l.

Operated from 1959 to 1980 for disposal of liquid wastes generatedOperated from 1959 to 1980 for disposal of liquid wastes generated
at the AIMD.at the AIMD.

Depth to groundwater approximately 6 ftDepth to groundwater approximately 6 ft bgs bgs.  Depth to confining.  Depth to confining
unit approximately 100 ftunit approximately 100 ft bgs bgs.  Groundwater flow to the southeast.  Groundwater flow to the southeast
towards thetowards the  flightline  flightline..

Elevated concentrations ofElevated concentrations of VOCs VOCs in groundwater, primarily in groundwater, primarily
TCE, remain at the site.  Highest concentrations in intermediateTCE, remain at the site.  Highest concentrations in intermediate
zone.zone.



Source AreaSource Area
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Remedial DesignRemedial Design

Air Sparging/Soil Vapor Extraction in source area to reduceAir Sparging/Soil Vapor Extraction in source area to reduce
total TCE concentrations to less than 1000 ug/l.  Treat off-gastotal TCE concentrations to less than 1000 ug/l.  Treat off-gas
with a duel vessel (in series) vapor phase GAC adsorptionwith a duel vessel (in series) vapor phase GAC adsorption
system.system.

Institutional Controls on contaminated groundwater toInstitutional Controls on contaminated groundwater to
limit exposure/use of groundwater that exceedslimit exposure/use of groundwater that exceeds MCLs MCLs

Slip line storm sewer to prevent infiltration of contaminatedSlip line storm sewer to prevent infiltration of contaminated
groundwater.groundwater.

Monitored Natural Attenuation forMonitored Natural Attenuation for downgradient downgradient
portions of the plumeportions of the plume



Source Area Remediation SystemSource Area Remediation System
Pilot-Scale TestPilot-Scale Test

Bench-scale treatability tests identified a TCE solubilityBench-scale treatability tests identified a TCE solubility
concentration range from 1,230,000 ug/l to 1,6000,000 ug/l.concentration range from 1,230,000 ug/l to 1,6000,000 ug/l.

Limiting vacuum pressure of 45 inches of water yielded aLimiting vacuum pressure of 45 inches of water yielded a
Vapor Extraction well radius of influence of 15 feet withVapor Extraction well radius of influence of 15 feet with
a corresponding flow rate of 10 cfm to 15 cfm.a corresponding flow rate of 10 cfm to 15 cfm.

Air injection well pairs screened at 58 ft to 60 ft and 95 ftAir injection well pairs screened at 58 ft to 60 ft and 95 ft
to 100 ft to target zones of greatest contamination.  Radiusto 100 ft to target zones of greatest contamination.  Radius
of influence estimated at 30 ft with a correspondingof influence estimated at 30 ft with a corresponding
injection flow rate of 10 cfm. injection flow rate of 10 cfm. 



Three pair of injection wells screened at 58-60 ft andThree pair of injection wells screened at 58-60 ft and
95-100 ft bgs.95-100 ft bgs.

Nineteen vapor extraction wells screened from 3-7 ft Nineteen vapor extraction wells screened from 3-7 ft bgsbgs

Duel vessel (in series) Granular Activated Carbon (GAC)Duel vessel (in series) Granular Activated Carbon (GAC)
units for treatment of off-gas. units for treatment of off-gas. 

Full-Scale ImplementationFull-Scale Implementation

Source Area Remediation SystemSource Area Remediation System



AS/SVE Well Construction DetailsAS/SVE Well Construction Details



Well VaultWell Vault



AS/SVE Well ConfigurationAS/SVE Well Configuration
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Site LayoutSite Layout



AS/SVE Equipment ConfigurationAS/SVE Equipment Configuration



AS/SVE EquipmentAS/SVE Equipment



Full Scale OperationFull Scale Operation
No major operational difficulties encountered since start-up.No major operational difficulties encountered since start-up.

System occasionally shut down for routineSystem occasionally shut down for routine
maintenance and groundwater sampling events.maintenance and groundwater sampling events.

Average vapor extraction rate of 7.8Average vapor extraction rate of 7.8 cfm cfm measured measured
at the well head.at the well head.
Average air injection flow rate of 18.6Average air injection flow rate of 18.6 cfm cfm measured at measured at
the well head.the well head.

System maintained balanced to ensure vacuum isSystem maintained balanced to ensure vacuum is
measured atmeasured at piezometers piezometers within the treatment within the treatment
area.area.
Start-up of Full Scale Remediation System in June 1999.Start-up of Full Scale Remediation System in June 1999.



System Performance MeasurementsSystem Performance Measurements

Off-Gas Treatment AnalysisOff-Gas Treatment Analysis

Total air flow through estimated using measured vacuumTotal air flow through estimated using measured vacuum
compared to vacuum pressure blower curves provided bycompared to vacuum pressure blower curves provided by
the manufacturer.the manufacturer.

Average discharge flow rate of 220Average discharge flow rate of 220 cfm cfm estimated. estimated.

Average total VOC removal rates exceed 99%.Average total VOC removal rates exceed 99%.

Approximately 1200 pounds totalApproximately 1200 pounds total VOCs VOCs removed to date. removed to date.



System Performance MeasurementsSystem Performance Measurements

Groundwater Monitoring ResultsGroundwater Monitoring Results

TCE concentrations in the source area were   nearlyTCE concentrations in the source area were   nearly
1,000,0001,000,000 ug ug/l prior to start-up./l prior to start-up.

Quarterly groundwater monitoring results in sourceQuarterly groundwater monitoring results in source
area show substantial reductions ofarea show substantial reductions of VOCs VOCs and all and all
source area wells are now below 1000source area wells are now below 1000 ug ug/l TCE./l TCE.



VOC Loading Rate of Off-GasVOC Loading Rate of Off-Gas
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VOC Concentrations at Source AreaVOC Concentrations at Source Area
S a m p lin g  E v e n t  ( c o n c e n t r a t i o n s  i n  u g / l )M o n i t o r i n g

W el l
V O C
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SummarySummary
Total VOC concentrations in source area have decreasedTotal VOC concentrations in source area have decreased
significantly since system start-up.significantly since system start-up.

Direct evidence of VOC removal from the aquifer isDirect evidence of VOC removal from the aquifer is
shown by off-gas measurements.shown by off-gas measurements.



SummarySummary

If necessary the active remediation system will be restartedIf necessary the active remediation system will be restarted
if significant rebound is encountered and resuming activeif significant rebound is encountered and resuming active
source area treatment is deemed appropriate.source area treatment is deemed appropriate.

It appears that contamination remaining in theIt appears that contamination remaining in the
aquifer is in a diffusion limited state since off-gasaquifer is in a diffusion limited state since off-gas
concentrations are reaching an asymptotic level.concentrations are reaching an asymptotic level.

The active remediation system will be shut downThe active remediation system will be shut down
groundwater will continue to be sampled to assess anygroundwater will continue to be sampled to assess any
rebound effects.rebound effects.



Deep Air Sparging of aDeep Air Sparging of a
Chlorinated Solvent Source AreaChlorinated Solvent Source Area

Former Naval Air Station Cecil Field,Former Naval Air Station Cecil Field,
Jacksonville FLJacksonville FL



SRS

Lessons Learned fromLessons Learned from
Installing aInstalling a

Comprehensive ActiveComprehensive Active
Vapor Extraction SystemVapor Extraction System

Lessons Learned fromLessons Learned from
Installing aInstalling a

Comprehensive ActiveComprehensive Active
Vapor Extraction SystemVapor Extraction System
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John Bradley
Michael Morgenstern

Joe Rossabi

Joe Amari
Mike Lybrand

Savannah River Site

John Bradley
Michael Morgenstern

Joe Rossabi

Joe Amari
Mike Lybrand

June 6, 2000June 6, 2000

Vanderbilt University
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SRS HistoryHistoryHistoryHistory

� CBRP constructed in 1951 for use as a
burning pit

� Served as a repository for organic
chemicals of unknown use or origin

� Disposal records were not kept
� Disposal of combustibles discontinued in

1973
� Pit then used for disposal of rubble until

the pit filled

� CBRP constructed in 1951 for use as a
burning pit

� Served as a repository for organic
chemicals of unknown use or origin

� Disposal records were not kept
� Disposal of combustibles discontinued in

1973
� Pit then used for disposal of rubble until

the pit filled



SRS Interim Corrective ActionInterim Corrective ActionInterim Corrective ActionInterim Corrective Action

� Interim Record of Decision (ROD) signed 1998

� IRAO 1: Prevent direct contact with
contaminated soils and reduce infiltration
� IRAO 1 met by installation of native soil cover

� IRAO 2:  Treat area within 25,000 ug/L VOC
contour
� IRAO 2 being met by AS/SVE system

� Interim Record of Decision (ROD) signed 1998

� IRAO 1: Prevent direct contact with
contaminated soils and reduce infiltration
� IRAO 1 met by installation of native soil cover

� IRAO 2:  Treat area within 25,000 ug/L VOC
contour
� IRAO 2 being met by AS/SVE system
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SRS CBRP ConstructionCBRP ConstructionCBRP ConstructionCBRP Construction



SRS Design ChallengesDesign ChallengesDesign ChallengesDesign Challenges

� Cone Penetrometer pushing of well points

� Heterogeneous vadose zone geology

� Placement of well screens

� Cone Penetrometer pushing of well points

� Heterogeneous vadose zone geology

� Placement of well screens



SRS CBRP Well FieldCBRP Well FieldCBRP Well FieldCBRP Well Field



SRS Sub-surface StratigraphySub-surface StratigraphySub-surface StratigraphySub-surface Stratigraphy

(courtesy of Greg Flach and Mary Harris (SRTC))



SRS Sediment in PipeSediment in PipeSediment in PipeSediment in Pipe



SRS Water Table Screen PlacementWater Table Screen PlacementWater Table Screen PlacementWater Table Screen Placement

PRO:
� Ability to remediate capillary fringe effectively
� Sampling of water table at high point of the

aquifer

PRO:
� Ability to remediate capillary fringe effectively
� Sampling of water table at high point of the

aquifer

CON:
� Pull �thick� sediments into piping network
� Pull water into SVE unit
� Fouling of water screens

CON:
� Pull �thick� sediments into piping network
� Pull water into SVE unit
� Fouling of water screens



SRS SVE UnitSVE UnitSVE UnitSVE Unit

During ConstructionDuring Construction

After ConstructionAfter Construction



SRS CRESP Objectives for C-BRPCRESP Objectives for C-BRPCRESP Objectives for C-BRPCRESP Objectives for C-BRP

� Develop a contaminant mass transport model to simulate
SVE and AS unit operations

� Incorporate stratigraphic heterogeneity and mass transfer
limitations to describe �tailing� and �rebound� effects

� Estimate the effect of continued system operation on
restoration of vadose zone and groundwater quality

� Estimate the potential benefits from intermittent system
operation

� Estimate the required duration of remediation system
operation and define operational limits and achievable
endpoints

� Use the SVE/AS model to optimize the operation of the
C-BRP

� Develop a contaminant mass transport model to simulate
SVE and AS unit operations

� Incorporate stratigraphic heterogeneity and mass transfer
limitations to describe �tailing� and �rebound� effects

� Estimate the effect of continued system operation on
restoration of vadose zone and groundwater quality

� Estimate the potential benefits from intermittent system
operation

� Estimate the required duration of remediation system
operation and define operational limits and achievable
endpoints

� Use the SVE/AS model to optimize the operation of the
C-BRP



SRS ApproachApproachApproachApproach

CRESP selected three SVE wells
within C-BRP to focus

characterization and modeling efforts

Diagram of the installed SVE/AS System 
at C-BRP

Diagram of the installed SVE/AS System 
at C-BRP

Soil cores were collected
for extensive characterization
in the laboratory (5/99)

EPA installed implants for 
monitoring pressure and 
concentration in all phases
of operation (6/99)



SVE19 to SVE18 (6/4/99)
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SVE22 to SVE19 (6/4/99)
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SVE19 to SVE18 (2/8/00)
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SVE22 to SVE19 (2/8/00)
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SVE19 to SVE 18 (12/21/99)
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SVE18 to SVE22 (12/21/99)
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Before startupBefore startup After 2 months of operationAfter 2 months of operation After 2 weeks of reboundAfter 2 weeks of rebound

System Operation - A Two Dimensional PerspectiveSystem Operation - A Two Dimensional Perspective



System Operation - A Two Dimensional PerspectiveSystem Operation - A Two Dimensional PerspectiveSystem Operation - A Two Dimensional PerspectiveSystem Operation - A Two Dimensional Perspective
SVE19 to SVE18 (5/11/00)
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SVE18 to SVE22 (5/11/00)
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SVE22 to SVE19 (5/11/00)
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SVE19 to SVE18 (4/13/00)
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SVE18 to SVE22 (4/13/00)
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SVE22 to SVE19 (4/13/00)
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SVE19 to SVE18 (4/27/00)
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SVE18 to SVE22 (4/27/00)
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Operation

After Four Weeks of Resumed
Operation



SRS ModificationsModificationsModificationsModifications

� Piping modification to allow for portable
flowmeter

� Pneumatically actuated ball valves at air sparging
wells to preclude flow surges

� Pressure regulator near air receiver tank to
eliminate flow variability

� Filters in above ground piping to protect piping
(2 single basket strainers with different meshes; 1
Y-type strainer)

� Double basket filter before SVEU to protect
system

� Piping modification to allow for portable
flowmeter

� Pneumatically actuated ball valves at air sparging
wells to preclude flow surges

� Pressure regulator near air receiver tank to
eliminate flow variability

� Filters in above ground piping to protect piping
(2 single basket strainers with different meshes; 1
Y-type strainer)

� Double basket filter before SVEU to protect
system



SRS Performance to DatePerformance to DatePerformance to DatePerformance to Date

� SVE officially began operations September 28,

1999

� Operated over 3000 hours

� Over 1000 pounds of VOCs treated via SVE

� Well concentrations down 90% from baseline

� CRESP concentrations down 95% from baseline

� AS to begin operations May 2000

� SVE officially began operations September 28,

1999

� Operated over 3000 hours

� Over 1000 pounds of VOCs treated via SVE

� Well concentrations down 90% from baseline

� CRESP concentrations down 95% from baseline

� AS to begin operations May 2000
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Enhanced
PHOSter® Technology

� A patented technology that works effectively,
at lower cost, and with lower risk than
conventional remediation technologies

� Nutrient Stimulated Bioremediation

� Utilizes naturally occurring microorganisms to
decontaminate underground water and soil

� Proven in large and small scale cleanup of
underground water and soil contaminated with
VOC�s, including Chlorinated Solvents
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The  PHOSter® Process

� Introduction of vapor phase nutrients to
stimulate growth of indigenous microorganisms

�  Microorganisms degrade the contaminants, or
convert them to harmless forms, in situ

� May be employed whenever the contaminant is
susceptible to aerobic or co-metabolic
degradation

� Treats groundwater and soil with single system
implementation
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Proven  Removal of COC�s
� Polycyclic Aromatic
Hydrocarbons (PAH)

�Naphthalene

�Anthracene

�Phenanthrene

�Benz [a] anthracene

�Acenaphthene

�Fluoranthene

�Fluorene

�Chrysene

�Pyrene

�Benz [a] pyrene

�BTEX
�Benzene, Toluene,
Ethylbenzene, Xylene

�EDB
�Ethylene Dibromide

�TCE
�Trichloroethylene

�DCE
�Dichloroethylene

�MTBE
�Methyl Tertiary Butyl Ether

�DCA
�Dichloroethane(s)
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Proven Site Lithology

� Sand

� Sandy Clay

� Clay to 10-5 cm/sec

� Clay over Saprolite

� Sand/Limerock

� Clayey sand
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Proven Safe

� In situ bioremediation eliminates the risks
associated with handling, transporting,
treating, and storing contaminated materials.

� No contaminants transferred to air or water for
further treatment or released into the
atmosphere.

� Significant reduction of risk to workers and to
the public.

� All materials used are benign and readily
acceptable for underground injection.
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PHOSter® Site Determination

� Sites where excavation is impractical
� Sites that require little or no interruption of

business operations.  (Gas stations, plant
operations, airfields, etc.)

� Any lithology suited for bioventing/biosparging
� Sites where Pump and Treat, SVE, Air Sparging

or Bioventing are under performing or are being
considered.
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Cost Effective

� In situ bioremediation is more cost effective
than baseline technologies (Pump and Treat,
Soil Vapor Extraction)

� Additional cost savings realized because site
may be used without interruption of operations
during clean up

� Costs more readily predicted with PHOSter®,
allowing PFP participation
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Enhanced PHOSter® Benefits

� There is less �rebound� of contaminant
concentrations than with physical treatment

� Remediates to drinking water standards in less
than half the time of traditional methods

� Minimal impact on-site during installation and
operation.

� Cost effective, safe, predictable results
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Application of
PHOSter® Technology

for Corrective Action at the former
Rocket Service Station Abbeville, SC

Representative Projects
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Rocket Service Station Site Plan
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MW-1 Contaminant Concentrations vs. Time
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MW-6 Contaminant Concentrations vs. Time
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MW-8 Contaminant Concentrations vs. Time
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MW-10 Contaminant Concentrations vs. Time
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Representative Projects
Application of

PHOSter® Technology
for Remedial Action at the former

Lil Champ 233 Store, Eustis Florida
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Lil Champ 233
This site was contaminated
with a hydrocarbon plume
from a Leaking Underground
Storage Tank.

Approximately 400 Cubic yards were treated in-situ
Within five weeks of the initiation of treatment, all
contaminants were below detection limits.

The service station remained
operational throughout the
remediation process.



e

ER
TEC
2000

MW - 1 Contaminant Concentrations vs. Time
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MW-2 Contaminant vs. Time
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Next Steps
� Specific  Site / Project Review

� R&D - Xenobiotics

� PCB's

� MGP sites

� Formaldehyde

� Pesticides

� Metals

� Nitrates

� Synergies with other technologies

� R&D - Gas Phase Cometabolites
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Comments/Questions?



Federal Facilities Branch
Electronic Knowledge Management Portal

Data Data

Data

Data

Data



Federal Facilities Branch
Electronic Knowledge Management Portal

DATA



Federal Facilities Branch
Electronic Knowledge Management Portal

All you have to do is 
merge hundreds of formats, 
subjectively decide what is
and what is not important,
produce a variety of views 
from the same dataset, keep 
data �clean� and updated, 
etc., etc., etc.

Brick Laying



Federal Facilities Branch
Electronic Knowledge Management Portal

In the FFB, we receive regularly:

Text based data files
Database encoded files
Vector products (GIS maps)
Raster products (images)

I have estimated that we add about 50,000,000 new records 
to our database each year.  These have to be either appended
to existing data or have to overwrite data that is no longer valid.



Federal Facilities Branch
Electronic Knowledge Management Portal

Over the past three years, the Electronic Knowledge Management
team has developed three distinct products that are being merged 
to provide the FFB remedial project managers with a �single� 
source of knowledge.

1) The FFB intranet site

2) The FFB data warehouse

3) Version 1 of the FFB Decision Support Tool



Federal Facilities Branch
Electronic Knowledge Management Portal

FFB Business
Portal Opening
Screen



Federal Facilities Branch
Electronic Knowledge Management Portal

DSS 
opening
screen
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TThhee  IIOOUU  GGIISS  UUttiilliittiieess

A GIS project was developed to display and evaluate the vast amount of environmental, geographic,
and  hydrogeologic data available for the SRS IOU program.  The project assembles the graphic and
tabular data in a user-friendly format which enables analysis of every aspect of the conceptual site
model.  The most significant feature of the IOU GIS project is a customized utility application which
allows users to perform real-time human health and ecological risk evaluations, obtain statistical
summaries, and create scatter plots of the environmental data of interest.  Unlike previous hard copy
deliverables, a fully-automated compact disc effectively communicates the maps, tables and hundreds
of thousands of analytical records from a relational database.  This enables reviewers to select and
manipulate the graphic and/or tabular data of interest and customize it to their specific needs.

The IOU Utilities may be found under the IOU menu item while the user is in a project view.

BBeenncchhmmaarrkk  EEvvaalluuaattiioonnss::

1. Open the Benchmark.Exceedances view for the desired IOU.
2. Select Benchmark Evaluations from the IOU pull-down menu
3. Choose an IOU on which to run benchmark queries:

3a). Choose a sample media
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3b).  If choosing Sediment / Soils, select the media benchmark to use.

3c).  Choose a type of benchmark (ecological or human health).  Ecological benchmarks exist only
for Sediment, Surface Water, Sediment / Soils and Soils.  This box will not appear for Fish,

Game,
or Groundwater.

3d).   If the user selects Fish as the media, then choose one of the following
 Human Health Benchmarks
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3e).  If the user selects Game as the Media, then Choose the following
      Human Health Benchmark.

3f)  If user selects Groundwater, select the following Human Health Benchmark.

4. If user selects Sediment as the media, select one of the following as the Human
Health Benchmarks.
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5. If user selects Soils as the media, select one of the following as the Human
Health Benchmark.

6. If user selects Sediment / Soils (using a Sediment Benchmark) as media, then select one the
following
 Human Health Benchmarks.

7. If user selects Sediment / Soils (using a Soil Benchmark) as media then select one the following
as Human Health Benchmarks.
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8. If user selects Surface Water as media then select one of the following
 Human Health Benchmarks.

9. Choose a single analyte or select ALL ANALYTES from the botton of the list to query all
exceedences for the particular exposure scenario previously selected:

10. If no exceedances exist for the selected analyte, a popup notification will appear:

11. If exceedances are found, a new theme with a red triangle will appear on top of the theme list in
the Benchmark.Exceedances view with the appropriate media, analyte and scenario label.  All
previous benchmark themes will be turned off and the new theme will be turned on and active.  In
addition, the cooresponding theme of all existing sample locations for that media will be turned on
for viewing with the exceedances theme.
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12. If running a benchmark evaluation on a single analyte (not ALL ANALYTES), an analyte toxicity
profile will appear for that analyte, in a popup window, if exceedances are found.

Error Messages

1. If a selection is not made from one of the list boxes, the program will stop running  and the user
will be notified with an error message like the following:
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SSttaattiissttiiccaall    SSuummmmaarriieess

1. Select one of the following options:

2. If the user selects ActiveTheme: Single Sample Location, the program runs summary statistics on
a single sample location, chosen by the user, using the media, analyte and benchamark scenario
choices from the active theme (If exceedance themes have been previously generated by running
the Benchmark Evaluation Tool.

3. If the user selects Active Theme: Sample Group, the program runs statistics on a subset of sample
groups, chosen by the user, using the media, analyte and benchmark scenario choices from the
active theme
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4. If the user selects Active Theme: All Sample Locations, the program runs statistics on all sample
location in the IOU, using the media, analyte and benchamrk scenario choices from the active
theme

5. If the user selects New Query: All Sample Locations, the program runs statistics on all sample
locations in the IOU, letting the user select new media, analyte and benchmark scenario choices

6. Statistics will appear in the Sample Summary Statistics popup window:

Total Number of Analyses:  The total number of sample taken for a given media
and analyze, throwing out reject qualifiers

Total Number of Benchmark Exceedances: The total number of sample for a given media and analyte
that exceed the given human health or ecological
benchmark value

Total Number of Non-Estimated Detected Values: The total number of samples where results are greater
than the detection limit.

Total Number of Estimated Detected Values: The total number of samples where analyte results are
estimated and qualified with �J�

Total Number of Undetected Values: The total number of samples where results
have a �U� qualifier

Sum: The sum of results for all detected, estimated and
undetected qualified data for a given media and analyte

Mean: Sum / Total Number of Analyses

Variance: Square of the Standard Deviation
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Standard Deviation: Square Root of Arithmetic Average of Squares of the
Deviations from the Mean in a Frequency Distribution

Detected Sum: The sum of all detected and estimated qualified data for a
given media and analyte.

Detected Mean: Detected Sum / Total Number of Detected and estimated
Analyses

Detected Maximum: The Maximum Detected or estimated Value

Detected Minimum: The Minimum Detected or estimated Value

Maximum Exceedance Ratio: Detected Maximum / Benchmark Value
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SSttaattiissttiiccaall  SSuummmmaarryy  RReeppoorrtt  TTooooll

1. Select IOU, Media, Benchmark Scenario then report option:

2. Select Media (Fish, Game, Groundwater, Sediment, Soils, Sediment/Soils or Surface Water):

3. Select Benchmark Type:
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4. Select Benchmark Scenario:

5. Select Report options:

Ø Statistics Report by Single Location - Analyte statistics calculated by sample location
Ø Statistics Report by Sample Groups � Analyte statistics calculated by geographic

sample grouping
Ø Statistics Report by All Sample Locations � Analyte statistics calculated by IOU

6. Select Analytes to be included in the report.

Ø Analytes with Exceedances � Lists only analytes with exceedances for a particular
media

Ø Analytes Screened against Benchmark � Lists all analytes screened for a particular
media
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7. When the report is finished, the Report Status notification box will appear. The report is stored in
DBF format in $GISPROJ/iouproj/basedata/datafiles directory.
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8. Report Formats:

A. If the user selects the option Statistics Report by Single Location and Analytes with
Exceedances, the report will generate statistics for analyte exceedances for a particular
media by sample location. The columns generated are
(a) Sample Gro � area grouping sample is in.
(b) Sample Desc � Description of the sample location.
(c) Analyte Ty � The type of Analyte (Inorganic,etc).
(d) Analyte � Name of Analyte
(e) Benchmark � used for analyte screening (column will show benchmark scenario user

selected).
(f) Max Result - Maximum value detected for a particular analyte.
(g) Max Ratio � maximum result divided by benchmark.
(h) Mean Detec. � Mean of number of detects.
(i) Num Exceed � Number of samples with exceedances.
(j) Num Analysis � number of samples analyzed for a particular analyte.
(k) Units � Unit result is measured in.
(l) Num Detec � Number of results greater than the detection limit.
(m) Num Estim � number of results with. Qualifier of J (results are estimated).
(n) Num_Nondet � Results equal to or less than the detection limit.

B. If user selects Statistics Report by Single Location and Analytes Scanned Against
Benchmark the report
will generate statistics for all analyte screened for that media by sample location. The
columns generated:
(a) Sample Gro � area grouping sample is in.
(b) Sample Desc � Description of the sample location.
(c) Analyte Ty � The type of Analyte (Inorganic,etc).
(d) Analyte � Name of Analyte
(e) Benchmark � used for analyte screening (column will show benchmark scenario user

selected).
(f) Max Result - Maximum value detected for a particular analyte.
(g) Max Ratio � maximum result divided by benchmark.
(h) Mean Detec. � Mean of number of detects.
(i) Num Exceed � Number of samples with exceedances.
(j) Num Analysis � number of samples analyzed for a particular analyte.
(k) Units � Unit result is measured in.
(l) Num Detec � Number of results greater than the detection limit.
(m) Num Estim � number of results with. Qualifier of J (results are estimated).
(n) Num_Nondet � Results equal to or less than the detection limit.
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C. If the user selects Statistics Report by Sample Groups and Analytes with Exceedances, the
report will generate statistics for analyte exceedances for a particular media by geographic
sample group. The columns generated:
(a) Sample Gro � area grouping sample is in.
(b) Analyte Ty � The type of Analyte (Inorganic,etc).
(c) Analyte � Name of Analyte
(d) Benchmark � used for analyte screening (column will show benchmark scenario user

selected).
(e) Max Result - Maximum value detected for a particular analyte.
(f) Max Ratio � maximum result divided by benchmark.
(g) Mean Detec. � Mean of number of detects.
(h) Num Exceed � Number of samples with exceedances.
(i) Num Analysis � number of samples analyzed for a particular analyte.
(j) Units � Unit result is measured in.
(k) Num Detec � Number of results greater than the detection limit.
(l) Num Estim � number of results with. Qualifier of J (results are estimated).
(m) Num_Nondet � Results equal to or less than the detection limit.

D. If the user selects Statistics Report by Sample Groups and Analytes Screened Against
Benchmark the report will generate statistics for all analyte screened for a particular
media by geographic sample group. Statistics are listed for each analyte.  The columns
generated:
(a) Sample Gro � area grouping sample is in.
(b) Analyte Ty � The type of Analyte (Inorganic,etc).
(c) Analyte � Name of Analyte
(d) Benchmark � used for analyte screening (column will show benchmark scenario user

selected).
(e) Max Result - Maximum value detected for a particular analyte.
(f) Max Ratio � maximum result divided by benchmark.
(g) Mean Detec. � Mean of number of detects.
(h) Num Exceed � Number of samples with exceedances.
(i) Num Analysis � number of samples analyzed for a particular analyte.
(j) Units � Unit result is measured in.
(k) Num Detec � Number of results greater than the detection limit.
(l) Num Estim � number of results with. Qualifier of J (results are estimated).
(m) Num_Nondet � Results equal to or less than the detection limit.
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E. If user selects Statistics Report of All Sample Locations and Analytes with Exceedances,
the report
will generate statistics for analyte exceedances for a particular media summarized for the
entire IOU. The columns generated:
(a) Analyte Ty � The type of Analyte (Inorganic,etc).
(b) Analyte � Name of Analyte
(c) Benchmark � used for analyte screening (column will show benchmark scenario user

selected).
(d) Max Result - Maximum value detected for a particular analyte.
(e) Max Ratio � maximum result divided by benchmark.
(f) Mean Detec. � Mean of number of detects.
(g) Num Exceed � Number of samples with exceedances.
(h) Num Analysis � number of samples analyzed for a particular analyte.
(i) Units � Unit result is measured in.
(j) Num Detec � Number of results greater than the detection limit.
(k) Num Estim � number of results with. Qualifier of J (results are estimated).
(l) Num_Nondet � Results equal to or less than the detection limit.

F. If user selects Statistics Report of All Sample Locations and Analytes Screened Against
Benchmarks the
report will generate statistics for all analytes screened for a particular media summarized
for the entire IOU.  The columns generated:
(a) Analyte Ty � The type of Analyte (Inorganic,etc).
(b) Analyte � Name of Analyte
(c) Benchmark � used for analyte screening (column will show benchmark scenario user

selected).
(d) Max Result - Maximum value detected for a particular analyte.
(e) Max Ratio � maximum result divided by benchmark.
(f) Mean Detec. � Mean of number of detects.
(g) Num Exceed � Number of samples with exceedances.
(h) Num Analysis � number of samples analyzed for a particular analyte.
(i) Units � Unit result is measured in.
(j) Num Detec � Number of results greater than the detection limit.
(k) Num Estim � number of results with. Qualifier of J (results are estimated).
(l) Num_Nondet � Results equal to or less than the detection limit.
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AAnnaallyyttee  SSccaatttteerrpplloottss

1. Select one of the following options:

2. If the user selects ActiveTheme: Single Sample Location, the program runs scatterplots on a single
sample location, using the media, analyte and benchamrk scenario choices from the active theme.

3. If the user selects Active Theme: Sample Group, the program runs scatterplots on a subset of
sample groups, using the media, analyte and benchmark scenario choices from the active theme
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4. If the user selects Active Theme: All Sample Locations, the program runs statistics on all sample
locations in the IOU, using the media, analyte and benchamrk scenario choices from the active
theme

5. If the user selects New Query: All Sample Locations, the program runs statistics on all sample
locations in the IOU, letting the user select new media, analyte and benchmark scenario choices

6. A scatterplot will be created on screen:

7. The user can look at the data behind each scatterplot point by clicking on the I info button and
then clicking on the scatterplot point.  The following box will appear:
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CCrreeaattee  TThheemmee  bbyy  SSaammppllee  MMeeddiiaa  TTooooll

The Create Theme by Sample Media Tool will allow the user to Create themes of sample locations
that have data.

1. Select IOU Name:

2. Select Sample Media:

3. The tool will create a theme of the chosen media:
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AAbboouutt  IIOOUU  UUttiilliittiieess

1. Click on �ABOUT IOU UTILITIES� to learn about the IOU utilities:



Lasagna
TM

Presented by:
Chris Athmer
Terran Corporation
Beavercreek, OH

LasagnaTM is a trademark of Monsanto

Lasagna Update



What is LasagnaTM ?

LasagnaTM is a combination of electrokinetics
and in-situ treatment.

Treatment for clay and silt laden soils.

Uniform treatment even in non-homogeneous
soil.

Presently proven for chlorinated organics but
could be modified for metals and other
organics.



2.) Uniform and Directional
Pore Water Movement
  Flushes Each PoreAnode

+
Cathode

-

D.C Power
Supply

The 1-2 Punch of Electroosmosis

1.) Elevated Soil
Temperatures
Mobilize VOCs

Properly AppliedProperly AppliedProperly Applied



Advantages of Electroosmosis
� Uniform pore water movement

� Each pore is a �pump�

� Uniform heat distribution
� The soil mass is the heating element

� Not diffusion limited
� The entire area is treated

� Efficient use of energy
� All applied power goes to heat



Tests at Paducah

� Phase I - Prove
mobilization of TCE

� Phase IIa - Prove in-
situ degradation and
installation to depth

� Phase IIb - Full scale
installation

� 10 x 15 x 15

� Carbon Absorption

� 30 x 21 x 45

� Iron filings

� Full 45 feet deep

� 72 x 90 x 45



TCE
3 Treatment Zones

Anode
Cathode

3/4� Steel Rod
as Primary
Electrodes

(6 each)

To Rectifier
150 V d.c.

2�7� 5� 7�

45�

30�

Water Recycled by
Gravity Through

PVC pipe

Sump

Phase IIa Field Test Installation at Paducah, KentuckyPhase IIa Field Test Installation at Paducah, Kentucky



Soil TCE Concentrations at Depth
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Highlights of the Paducah
Phase IIa Field Demonstration

� Successful installation down to 45�

� 99% Treatment of TCE

� DNAPL treatment

� No significant air emissions

� Competitive costs

� Site ROD treatment of choice (Phase IIb)



Lessons Learned from
Phase IIa

� Crane is cumbersome moving mast/mandrel

� Silt infiltrated porous anodes

� Contamination can come in from edges

� Elevated temperatures cause vapor
transport and pure phase transport

� Scale-up is amazingly accurate



ON to Phase IIb
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Installation of Phase
IIb was completed
using:

1. Track-hoe/mandrel
2. Pre-fab electrodes
3. Passive water
recycle system
4. Remote monitoring



Phase IIb Highlights
� Full Scale Process Installation

� 10,000 yd3 (72� x 90� x 45�)

� Remotely Monitored and Operated

� $250/yd3 Fixed Price Contract At DOE !!
(includes power line, 3 sampling events,
fence, trailer, overhead, profit, reports,
H&S, insurance etc. 3 years)

� Installation and Operation Costs ~ $100/yd3

� Recent Field Innovations Will Lower Costs



Phase IIb Installation and Operation
Materials

17%

Labor
17%

Equipment 32%

Electricity
12%

Fixed
10%

O&M
12%



Current and Future Efforts
� License LasagnaTM Usage from Monsanto

LasagnaTM is available

� Evaluating various sites for technology
demonstration / remediation

� Expand Lasagna technology to other
contaminants (mixed waste)

� Engineer installations to reduce cost

� Adapt Lasagna to remediate around and
under buildings

� EPA demonstrating horizontal Lasagna



Summary
� LasagnaTM is great for clayey soils

� LasagnaTM is proven technology for
chlorinated organics (TCE, DCE, PCE)

� LasagnaTM is completely in-situ

� Electroosmosis can be used to augment
existing treatment systems

� Electroosmosis is a very effective DNAPL
remediation tool for clayey soils.



www.terrancorp.com
For more information, please visit our Website at:

Lasagna
TM



TCE

Potassium Permanganate:  The Purple
Curtain

IN-SITU OXIDATION OF DNAPL USINGIN-SITU OXIDATION OF DNAPL USING
PERMANGANATE: IDC CAPE CANAVERALPERMANGANATE: IDC CAPE CANAVERAL

DEMONSTRATIONDEMONSTRATION

Environmental Restoration Technology
 End User Conference (ER TEC 2000)

Augusta, GA
June 6-8, 2000



ClientClientClientClient Interagency DNAPL Consortium (DOD,Interagency DNAPL Consortium (DOD,
DOE, NASA, USAF, EPA)DOE, NASA, USAF, EPA)

FacilityFacilityFacilityFacility Launch Complex 34. TCE DNAPL plumeLaunch Complex 34. TCE DNAPL plume
below abandoned Engineering Supportbelow abandoned Engineering Support
BuildingBuilding.

Regulatory ApprovalRegulatory ApprovalRegulatory ApprovalRegulatory Approval Florida DEP and USEPAFlorida DEP and USEPA

GeologyGeologyGeologyGeology Interbedded sand, shell hash, silt and clay.Interbedded sand, shell hash, silt and clay.

HydrologyHydrologyHydrologyHydrology Shallow unconfined aquiferShallow unconfined aquifer

Cape Canaveral Project SettingCape Canaveral Project Setting





Geologic Cross Section Through Oxidation CellGeologic Cross Section Through Oxidation Cell



Bench Scale StudyBench Scale Study

Bench Scale KMnO4 Treatability Test
5X Stoichiometry

Cape Canaveral Launch Complex 34
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System Design ComponentsSystem Design Components

�� Application Method - direct push pressure injectionApplication Method - direct push pressure injection
(lance permeation), hydro-fracturing, vertical wells,(lance permeation), hydro-fracturing, vertical wells,
horizontal wells, injection/recovery, horizontal wells, injection/recovery, recirculationrecirculation

�� Permanganate type - potassium Permanganate type - potassium vsvs. sodium. sodium

�� System layout - number of points, depth, injectionSystem layout - number of points, depth, injection
times, flow ratestimes, flow rates



Feed System Mix Tank
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KMnOKMnO44 Mass Loading Summary Mass Loading Summary
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Soil Core Boring B-6,  21- 23 ft blsSoil Core Boring B-6,  21- 23 ft bls



TCE % Reduction in GroundwaterTCE % Reduction in Groundwater
- Upper Sand Unit- Upper Sand Unit
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TCE % Reduction in Groundwater -TCE % Reduction in Groundwater -
Middle Fine Grained UnitMiddle Fine Grained Unit
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TCE % Reduction in GroundwaterTCE % Reduction in Groundwater
 - LSU - LSU
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Lessons LearnedLessons Learned

�� For DNAPL sites a large batch mixing system andFor DNAPL sites a large batch mixing system and
high through-put are neededhigh through-put are needed

�� Plugging of wells was minor using a 2% solution andPlugging of wells was minor using a 2% solution and
sand filtersand filter

�� Numerous discrete soil and water samples are key toNumerous discrete soil and water samples are key to
determine ROI and effectivenessdetermine ROI and effectiveness

�� Displacement was not a major problem but doesDisplacement was not a major problem but does
need to be consideredneed to be considered



Chemical Oxidation Source Reduction
and Natural Attenuation for
Remediation of Chlorinated

Hydrocarbons in Groundwater

Chemical Oxidation Source ReductionChemical Oxidation Source Reduction
and Natural Attenuation forand Natural Attenuation for
Remediation of ChlorinatedRemediation of Chlorinated

Hydrocarbons in GroundwaterHydrocarbons in Groundwater
Clifton C. Casey, PEClifton C. Casey, PE

Environmental Technical Support BranchEnvironmental Technical Support Branch

Southern Division Naval Facilities Engineering CommandSouthern Division Naval Facilities Engineering Command
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NSB Kings BayNSB Kings Bay
Site 11- Sanitary LandfillSite 11- Sanitary Landfill

�� 25-acre Landfill25-acre Landfill

�� 1974 - 19811974 - 1981

�� Domestic WasteDomestic Waste

�� Residential AreaResidential Area
west of Landfillwest of Landfill

n   Flat, grassy meadowFlat, grassy meadow

nn   Fine sands with silt beds    Fine sands with silt beds 

nn   PCE/TCE/DCE/VC plume   PCE/TCE/DCE/VC plume



n   Groundwater not used forGroundwater not used for
     drinking water, but used     drinking water, but used
     for lawn irrigation,     for lawn irrigation,
     washing cars, etc.     washing cars, etc.

n   630 Homes630 Homes

Adjacent Residential AreaAdjacent Residential Area



Chlorinated Solvents MigrationChlorinated Solvents Migration

�� Landfill sourceLandfill source
area: 9,000 ppb ofarea: 9,000 ppb of
PCEPCE

�� Roadway right-of-Roadway right-of-
way:way:
1�170 ppb of DCE1�170 ppb of DCE
and VCand VC

�� Subdivision area:Subdivision area:
2�3 ppb of DCE2�3 ppb of DCE

Direction of
Contaminant
Migration



Interim MeasureInterim Measure

�� Pump and Treat forPump and Treat for
containmentcontainment

�� 3 wells between3 wells between
landfill andlandfill and
subdivisionsubdivision



Additional MeasuresAdditional Measures

�� Full capture uncertainFull capture uncertain

�� State requests additional wells, discussesState requests additional wells, discusses
cappingcapping

�� Navy reviews source reductionNavy reviews source reduction
techniques coupled with naturaltechniques coupled with natural
attenuationattenuation



Redox ConditionsRedox Conditions
�� Landfill - SulfateLandfill - Sulfate

reducing -- effectivereducing -- effective
reductive dechlorinationreductive dechlorination
of PCE, TCEof PCE, TCE

�� Downgradient - IronDowngradient - Iron
reducing -- microbialreducing -- microbial
oxidation of DCE, VCoxidation of DCE, VC

�� Efficient attenuatingEfficient attenuating
systemsystem

�� Lacks distanceLacks distance



Solute Transport EquationSolute Transport Equation

dC/dt = D d2C/dx2 - v dC/dx - (PbKd/n) dC/dx -kC



Source ConcentrationSource Concentration
Treatment ObjectiveTreatment Objective

� Design

� Uncertainty
� Variability of source concentrations

� Uncertainty and variation of groundwater
flow rates

� Uncertainty of concentrations due to
sampling

� Deviations from steady-state

� Safety factor



Source Reduction GoalsSource Reduction Goals

�� Natural Attenuation CapacityNatural Attenuation Capacity

�� Reduce to 100 Reduce to 100 ppb ppb totaltotal VOC�s VOC�s in in
source areasource area

�� Ensure Plume degrades prior toEnsure Plume degrades prior to
reaching compliance pointreaching compliance point



Cleanup StrategyCleanup Strategy

�� Aggressive source reduction withAggressive source reduction with
chemical oxidation (2 to 3 months)chemical oxidation (2 to 3 months)

�� Continue pump and treat intermediateContinue pump and treat intermediate
plume area for a yearplume area for a year

�� Turn off pump and treat and monitor forTurn off pump and treat and monitor for
natural attenuationnatural attenuation



HH22OO2  2  ++  FeFe2+ 2+ ⇒⇒⇒⇒ Fe Fe3+3+ + OH + OH−−−−    ++    OHOH••••

FENTONSFENTONS
CHEMISTRYCHEMISTRY



n Geo-Cleanse
International, Inc.

NSB Kings Bay, GANSB Kings Bay, GA
Fenton�s Reagent Project: Injection ProcessFenton�s Reagent Project: Injection Process



Injection wells targeted aInjection wells targeted a
discrete horizondiscrete horizon

An overlapping pattern ofAn overlapping pattern of
injection was used to ensureinjection was used to ensure
sufficient contact of the sourcesufficient contact of the source
zone and minimize spread ofzone and minimize spread of
contaminants.contaminants.

Water
table

silt layer

� Source area 150 xSource area 150 x
50 ft.50 ft.
��Injected intervalsInjected intervals
(two)(two)
�� 23 Injection Points 23 Injection Points
��6 Monitoring Wells6 Monitoring Wells





Results of Chemical OxidationResults of Chemical Oxidation

�� November 1998November 1998

�� 8250 gallons hydrogen peroxide8250 gallons hydrogen peroxide

�� Similar amount of ferrous sulfateSimilar amount of ferrous sulfate
and buffersand buffers

�� Hydrogen peroxide (50%Hydrogen peroxide (50%
strength)strength)



First Injection ResultsFirst Injection Results

Total VOC (ppb)

Well Pre-injection Post-injection
KBA-11-34 9074 93
KBA-11-32 133 25
KBA-11-36 512 416
INJ-11 200 3



�� Exothermic Exothermic rxnrxn
expansion of formationexpansion of formation
waterwater

�� Ferric iron producedFerric iron produced

Injection ProcessInjection Process



Second InjectionSecond Injection

�� Follow up treatment for nw edge ofFollow up treatment for nw edge of
plumeplume

�� Injection 9 February - 13 February 1999Injection 9 February - 13 February 1999

�� 3700 gallons of hydrogen peroxide3700 gallons of hydrogen peroxide
similar amount of ferrous sulfate andsimilar amount of ferrous sulfate and
buffersbuffers



Results of  Second InjectionResults of  Second Injection

Total VOC (ppb)
No After After

Well treatment first treatment second treatment
KBA-11-34 9074 93 9
KBA-11-32 133 25 17
KBA-11-36 512 416 6
INJ-11 200 3 NS



    Total VOCs (ppb)Total VOCs (ppb)

Well
June
1999

July
1999

KBA-11-34 10 24

KBA-11-32 19 13

KBA-11-36 0 17

INJ-11 9 8

August
1999

16

12

30

5



Trend Near SourceTrend Near Source
AreaArea

Chlorinated Ethenes vs Time, USGS-3
                  (upgradient)
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Trend at Navy Property LineTrend at Navy Property Line

USGS-4, Chlorinated Ethenes vs. Time
             (intermediate line of wells)
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Trend Near Trend Near SubdivisonSubdivison
Property LineProperty Line

USGS-13 Chlorinated Ethenes vs Time
           (Downgradient line of Wells)
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Before Treatment

Total Chlorinated VOC
Concentration
(Logarithmic Scale):

9074 ug/l

1000 ug/l

100 ug/l

10 ug/l

Non-detect



Total Chlorinated VOC
Concentration
(Logarithmic Scale):

9074 ug/l
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100 ug/l

10 ug/l

Non-detect

After Treatment



November 1998
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March 2000
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NSB Kings Bay, GANSB Kings Bay, GA
Project SummaryProject Summary

� 99% reduction in total VOCs (source area)

� State Regulatory agency withdrew consent order,
P&T system turned off

� MNA implemented as final remedy, in accordance with
ROD

� Project received Environmental Excellence Award from
Georgia Chamber of Commerce

� Life cycle, net present value savings: $3.3 million

� Groundwater modeling suggests that the plume will
collapse in 5 years



Summary -Summary -
Technology SelectionTechnology Selection

�� Aggressive technologies (in-situ chemicalAggressive technologies (in-situ chemical
oxidation) in the source area (highoxidation) in the source area (high
concentrations) to reduce contaminantconcentrations) to reduce contaminant
concentrationconcentration

��  Low energy techniques such as enhanced Low energy techniques such as enhanced
bioremediation or MNA wherebioremediation or MNA where
appropriate - polish the residualappropriate - polish the residual
concentrationsconcentrations



J. Nelsen, E. B. Hart, J. Ross,
G. Mills and J. B. Williams

June 6, 2000

J. Nelsen, E. B. Hart, J. Ross,
G. Mills and J. B. Williams

June 6, 2000

  Usefulness Of

Diffusion Samplers
For

Detection of TCE in
Groundwater Plume Outcroppings

  Usefulness Of

Diffusion Samplers
For

Detection of TCE in
Groundwater Plume Outcroppings
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SRS IntroductionIntroduction

� Diffusion Samplers
� Simple qualitative groundwater vapor

sampling devices deployed near
surface

� Data to be used to locate monitoring wells
in areas where biological attenuation of
TCE (Trichloroethene) appears to be
occurring

� Diffusion Samplers
� Simple qualitative groundwater vapor

sampling devices deployed near
surface

� Data to be used to locate monitoring wells
in areas where biological attenuation of
TCE (Trichloroethene) appears to be
occurring



SRS

C - AreaC - Area

South Carolina

Georgia

SRS
Atlantic Ocean

Savannah River Site
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SRS

Diffusion
Sampler

Deployment

Not to Scale

Schematic of CBRP & Wetlands



Groundwater 
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SRS

� Placement of seepline wells
� Use of diffusion sampler data to

assist In location of monitoring
wells

� Sampler function
� Karp (1993) and Vroblesky et al.

(1996)
� Permeability of polyethylene film

to PCE/TCE, impermeable to water

� Placement of seepline wells
� Use of diffusion sampler data to

assist In location of monitoring
wells

� Sampler function
� Karp (1993) and Vroblesky et al.

(1996)
� Permeability of polyethylene film

to PCE/TCE, impermeable to water





SRS

�  Installation
� In locations equidistant throughout

wetlands
� In 3-inch diameter hand-augured

holes
�Average depth approximately 18
inches

�Samplers allowed to remain for 14
days

�  Installation
� In locations equidistant throughout

wetlands
� In 3-inch diameter hand-augured

holes
�Average depth approximately 18
inches

�Samplers allowed to remain for 14
days



SRS Vapor Diffusion Sampler Results From
CBRP - January 2000

Vapor Diffusion Sampler Results From
CBRP - January 2000

� CBRP Wetlands
� TCE--results from ND (Non-Detect) to 14.9

ppb; hits ranged throughout tributary reach
� PCE (Perchloroethene)--results < .012 ppb
� DCE (Dichloroethene)--results from ND to

19.8 ppb, mostly in vicinity of former
lakebeds

� Fourmile Branch wetlands
� TCE--ND to .06 ppb, in Stations #2-4
� DCE--all NDs

� CBRP Wetlands
� TCE--results from ND (Non-Detect) to 14.9

ppb; hits ranged throughout tributary reach
� PCE (Perchloroethene)--results < .012 ppb
� DCE (Dichloroethene)--results from ND to

19.8 ppb, mostly in vicinity of former
lakebeds

� Fourmile Branch wetlands
� TCE--ND to .06 ppb, in Stations #2-4
� DCE--all NDs
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SRS Presumptive Monitoring LocationsPresumptive Monitoring Locations
Based on Diffusion Sampler DataBased on Diffusion Sampler Data

Presumptive Monitoring LocationsPresumptive Monitoring Locations
Based on Diffusion Sampler DataBased on Diffusion Sampler Data



SRS Disadvantages of Vapor Diffusion SamplersDisadvantages of Vapor Diffusion Samplers

� Not quantitative
� Vinyl Chloride difficult for lab to

analyze
� Two visits to site required, 14 days

apart
� Install
�Retrieve

� Not quantitative
� Vinyl Chloride difficult for lab to

analyze
� Two visits to site required, 14 days

apart
� Install
�Retrieve

  



SRS Advantages of Vapor Diffusion SamplersAdvantages of Vapor Diffusion Samplers

� Economical--about $50 each for  analysis

� Minimal equipment cost (<$1 each)
� Efficient and rapid installation/retrieval

� Reliable indicator of TCE presence or
absence and DCE, a degradation product

� Easily done by single (1) person
� Prompt results from local laboratory
� Unlimited �Hold Time� for crimped vials

containing vapors

� Economical--about $50 each for  analysis

� Minimal equipment cost (<$1 each)
� Efficient and rapid installation/retrieval

� Reliable indicator of TCE presence or
absence and DCE, a degradation product

� Easily done by single (1) person
� Prompt results from local laboratory
� Unlimited �Hold Time� for crimped vials

containing vapors



SRS Diffusion Samplers in Monitored Natural
Attenuation Evaluation

Diffusion Samplers in Monitored Natural
Attenuation Evaluation

� Results consistent w/ surface water &
groundwater data showing presence of
DCE, an intermediate product of anoxic
degradation

� (TCE ⇒⇒  DCE ⇒⇒ VC)

� Sample data used to efficiently place
wells in locations best suited for studying
natural attenuation processes

� Results consistent w/ surface water &
groundwater data showing presence of
DCE, an intermediate product of anoxic
degradation

� (TCE ⇒⇒  DCE ⇒⇒ VC)

� Sample data used to efficiently place
wells in locations best suited for studying
natural attenuation processes



SRS

BACKUP SLIDESBACKUP SLIDES



SRS
 Description of C-Area Burning Rubble Pit Description of C-Area Burning Rubble Pit

� Operational 1951-1978; discontinued and
backfilled

� 100 m x 8 m x 4m

� Native soil cover placed in 1999

� Air Sparging-Vacuum Extraction wells installed to
remediate vadose zone beneath pit to reduce
concentrated groundwater TCE plume; system
presently functioning

� Existence of distal plume extending 3500 ft
towards wetlands & Fourmile Branch (stream)

� Operational 1951-1978; discontinued and
backfilled

� 100 m x 8 m x 4m

� Native soil cover placed in 1999

� Air Sparging-Vacuum Extraction wells installed to
remediate vadose zone beneath pit to reduce
concentrated groundwater TCE plume; system
presently functioning

� Existence of distal plume extending 3500 ft
towards wetlands & Fourmile Branch (stream)
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Day 1 Presenter Biographies

A, 9:10 � 9:25

Thomas F. Heenan, Assistant Manager for Environmental Programs at DOE
Savannah River Operations Office since June 1996.

At SRS, Mr. Heenan is responsible for environmental remediation, monitoring,
and compliance programs; the management of radioactive, hazardous, mixed,
and sanitary waste materials; and management of two national programs for
environmental education and training and the development of innovative
technologies for restoring contaminated soil and water.  He is also responsible
for pollution prevention, public accountability, and site technology programs.

Mr. Heenan holds a Bachelor of Science degree in physics and mathematics
from Manhattan College in New York City and a Master of Science degree in
mechanical engineering from Carnegie Mellon University in Pittsburgh.  He
received the 1997 Executive Excellence Award for Achievement from the Senior
Executives Association.

Mr. Heenan will present an overview of the Environmental Technology Program
at the Savannah River Site.



9:45 � 11:25 Presentations 1 - 4

9:45 � 10:15
1 Scott Glass, P.E.

Southern Division Naval Facilities Engineering Command

P.O. Box 190010
North Charleston, SC 29419-9010

Phone (843)-820-5587
Fax (843)-820-5563

glasssa@efdsouth.navfac.navy.mil

Scott has 14 years experience with the Navy, with the past 6 years as an
Environmental Engineer.  Scott presently serves as a Base Realignment and
Closure Environmental Coordinator for the Southern Division Naval Facilities
Engineering Command where he is responsible for environmental cleanup and
closure activities at the former Naval Air Station Cecil Field.

Scott's previous experience includes positions as a Remedial Project Manager in
the Installation Restoration Program Branch, where he was responsible for
managing the cleanup program at Navy and Marine Corps facilities. Prior to
joining Southern Division, Scott worked at the former Charleston Naval Shipyard.

Scott received his bachelor's degree in Civil Engineering from Clemson
University and is a registered Professional Engineer in the State of South
Carolina.

Robert F. Simcik, Tetra Teck NUS, Inc.

661 Anderson Drive
Pittsburgh, PA 15300-2745
Phone (412) 921-8163
Fax (412) 921-4040
Simcikr@ttnus.com

Rob has worked in the environmental field for the last nine years, primarily
supporting Department of Defense projects.  Rob has been involved with the
investigation, design, implementaion, and operation of several Air Sparging and
Air Sparging/Soil Vapor Extraction systems for the Navy at various facilities.

Rob received his associate�s degree in Petroleum Engineering and his bachelor�s
degree in Civil Engineering from the University of Pittsburgh.

Scott and Rob will discuss Deep Air Sparging of a Chlorinated Solvent
Source Area



10:10 � 10:35, 2 John Bradley

B.S. in chemical engineering from the University of Cincinnati
M.S. in civil & environmental engineering from the University of Wisconsin-
Madison
MBA from the University of South Carolina
Engineer working at the Savannah River Site since 1991 focusing on soil and
groundwater remediation

John will discuss Lessons Learned from Installing a Comprehensive Active Vapor
Extraction System.

10:35 � 11:00, 3 James Brickell and Lamar E. Priester (Co-Presenters)

Biography
James L. Brickell, Ph.D., P.E.

Dr. Brickell, with over 25 years of work experience in the United States Air Force and at Earth Tech, Inc. is
the manager of the Charleston Office of Earth Tech.   Dr. Brickell has been with Earth Tech for over six
years, working in both the Jacksonville, Florida and Charleston, South Carolina offices, where he served in
the positions of Project Manager, Program Manager, Engineering Department Manager, and Environmental

Science Department Manager prior to assuming his position as Manager of the
Charleston Office.  He has conducted environmental and civil project work for the
Department of Defense (Army, Navy, Air Force and Marines), The Department of
Energy (Savannah River Site), State Governments (Florida and South Carolina) as
well as numerous industrial clients.  He is a registered Professional Engineer in the
States of Colorado, Florida and South Carolina.

Prior to Dr. Brickell�s association with Earth Tech, he had a successful career in the
United States Air Force where he served as a pilot, engineer, and Professor.  His
last assignment was as the Head of the Department of Civil Engineering at the
United States Air Force Academy.  Dr. Brickell earned a BSCE from the United

States Air Force Academy, an MS from the University of Illinois and a Ph.D. from Clemson University in
Environmental Systems Engineering.  He has published several technical and education articles in
professional journals. (james_brickell@earthtech.com)

Lamar �Chip� Priester, III,
Vice President of Operations

Biography
Lamar E. Priester, III

Mr. Priester has over 15 years of work experience in the solid and hazardous waste management.  Mr.
Priester is currently the President of PHA Environmental Restoration and Vice President of Operations for
Priester and Associates, Inc. In this capacity, he has developed and continue to manage the environmental
restoration programs for each, including Research and Development for optimization of USDOE's PHOSter
process and the design, operation and maintenance of PHOSter systems for groundwater and soil
remediation and chemical oxidation restoration programs for soil treatment.  Though a teaming agreement
with Earth Tech the PHOster technology is being commercialized thoughout the US and Canada.

Prior to Mr. Priester's affiliation with PHA Environmental Restoration, Inc. and Priester and Associates,
Inc., he had a successful career in the waste management industry.  From 1991 to 1998 he was
District/General Manager for Safety Disposal System of South Carolina, Inc. in Hampton, South Carolina



(formally Chambers Medical Technologies of South Carolina, USA Waste Services, Inc., Waste
Management, Inc) a medical and special waste incineration facility.   Responsibilities were for all areas
(including P&L and East Coast marketing) of the operation and management of the facility, including the
oversight of over sixty personnel.

Mr. Priester earned a BSCh. at Clemson University.  He has published several technical articles in
professional journals. (lep3@conterra.com)

Their discussion topic today will be PHOSter �

11:00 � 11:25, 4 Richard Hammond, 404-562-8535,
Hammond.Richard@epa.gov

Richard Hammond graduated in 1982 with a degree in geology and spent the next
eight years involved in various types of laboratory and field work in the
minerals exploration, oil exploration and environmental restoration industries.
Beginning in 1991, he begin working for the USEPA Region 4 Federal Facilities
Branch as the remedial project manager overseeing the environmental restoration
of the Oak Ridge National Labs.  Since that time, Richard has transitioned a
knowledge manager and now is the team leader for the Federal Facilities Branch
Electronic Knowledge Management Team.  In this capacity, Richard has worked on
construction of a data warehouse, decision support system tools and a Federal
Facilities business portal.

Mr. Hammond�s topic today will be

5 Lena Ma

Dr. Lena Q. Ma, Associate Professor of Soil and Environmental Chemistry,
especially trace metals, Soil and Water Science Department, University of
Florida.  Specialize in soil contamination and remediation, including
phytoremediation, and land application of wastes.

Dr. Ma�s topic today will be Phytoremediation of Arsenic Contaminated Soils and
Wastes

6 Tracy McLane

Tracy McLane is a GIS Manager / Programmer / Analyst for Site Geotechnical
Services at the Savannah River Site, where she specializes in GIS database
design, implementation and automation.
She earned her Master of Science in Geography from the University of
Tennessee-Knoxville.

Tracy�s topic is GIS Application for Watershed Risk Analysis and Data Needs
Evaluations



7 Chris Athmer

Chris is a Senior Environmental Engineer with Terran Corporation in Dayton,
Ohio.  He earned a B.S. Chemical Engineering degree at the University of
Dayton in 1983 and began working for Monsanto in the Environmental Sciences
Center.  Most of his career was spent in the air sampling and pollution
reduction program.  Recently, he got involved with a novel soil remediation
process being developed at Monsanto called Lasagna.  Chris was the lead
field engineer for the Lasagna demonstrations and designed the unit
operating in Paducah.  He left Monsanto in December to pursue the further
deployment of Lasagna and other electrokinetic processes.

Mr. Athmer�s topic is Successful Demonstration of Lasagna at PGDP for
Removing TCE from Clay

8 Jay Dablow

Jay Dablow, RG, CEG, brings about 24 years of environmental and geotechnical
experience to site environmental engineering, and remediation projects.  His
expertise is applying innovative remediation technologies, such as steam
injection, in situ ozonation and permanganate injection to control customer costs
and bring sites to regulatory closure.

Mr. Dablow is an industry-recognized expert in developing and implementing
thermally enhanced remediation systems, including soil vapor extraction (SVE)
systems enhanced by steam injection and hot air injection, and AC electro-
heating for fine-grained, impermeable soils. He demonstrated the applicability
and cost advantages of using steam injection at Superfund sites under EPA's
Superfund Innovative Technology Evaluation (SITE) program.  He also serves as
IT's Thermal Enhancement Technology Director, providing technical support to
project managers employing thermal processes worldwide.

He is a co-inventor of a high vacuum, enhanced gradient, steam injection system
for  groundwater treatment and an innovative steam injection probe installation
technology, which are  patented in the United States and Europe.  These
technologies allow for enhanced, high vacuum, fluid recovery capability with
steam injection as well as, rapid installation of steam injection and other hot fluid
injection systems for groundwater remediation.  He has recently completed
research work leading  toward commercializing AC electro-heating for in situ soil
heating to enhance removal of PAH, heavy fuel oil, and other constituents in tight
clay soils.



Mr. Dablow started his professional career in 1975 as Chief Engineering
Geologist for G.A. Nicoll and Associates, Inc., a geotechnical consulting firm.  He
entered the environmental industry in 1982 as the owner of Hydro-Fluent, Inc., an
environmental consulting and remediation company.  He served as a commercial
program manager for Hughes Environmental Systems, Inc. and later as a project
manager for Groundwater Technology, Fluor Daniel GTI and IT.
Education

Mr. Dablow�s topic is In-Situ Oxidation of DNAPL Using Permanganate: IDC
Cape Canaveral Demonstration

9 Clifton Casey

Southern Division Naval Facilities Engineering Command

PO Box 190010
North Charleston, SC 29419-9010

Phone (843)-820-5561
Fax ((843)-820-7465

caseycc@efdsouth.navfac.navy.mil

Cliff has 14 years experience as an environmental engineer and presently serves
in the Technical Support Branch at Southern Division Naval Facilities
Engineering Command.  He provides hydrologic, geochemical, and technology
evaluation/selection services to project managers in the various cleanup
programs (CERCLA, RCRA) in Southern Division�s 26 state area of
responsibility.

Cliff is a registered professional environmental engineer.  He received his
bachelors degree in Civil Engineering from Clemson University and Masters from
the University of South Carolina in Environmental and Water Resources
Engineering.

Mr. Casey�s topic is In-Situ Chemical Oxidation and Monitored Natural
Attenuation for Accelerated/Cost Efficient Cleanup at the Naval Submarine Base.

10 Jerry Nelson

Education:
1961 - BA Chemistry, University of Northern Iowa
1966 - MS Plant Physiology, Michigan State University
1968 - Certified Radioecologist, Colorado State University
1971-1973 Radiological Health Fellow, University of Oklahoma
1974 - Ph.D. Civil Engineering/Environmental Science, University of Oklahoma

Work Experience:
1961-1974 Teacher/Instructor, Assistant Professor



6 years, teacher in Iowa public schools
6 years, Instructor at COE College
1year, Ass't Prof. Environmental Engineering, University of Oklahoma

1974 - Present: Civil Servant, AEC/ERDA/DOE:
6 years, Health Physicist, Savannah Operations Office, Chicago
Operations Office
4 years, Ass't Director for Environmental Protection, Chicago Operations
Office
3 years, Superconducting Super Collider (SSC) Task Force Environmental
Leader
3 years, NEPA Compliance Officer (NCO), Chicago Operations Office
9 years, Environmental Scientist, Savannah River Operations Office.

Mr. Nelson�s topic is Usefulness of diffusion Samples for Detection of TCE in
Groundwater Plume Outcroppings
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Bruce Schappell - Panel Chair
Westinghouse Savannah River Company
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Aiken, SC 29808
(803) 952-6541

Presenters:

Patrick Haas
US Air Force
(210) 536-4314
Topic: Application of MNA for Chlorinated Solvents

Kay Wischkaemper
US EPA, Region 4
(404) 562-8641
Topic: EPA Policy on MNA

Steve Golian
US DOE Headquarters
(301) 903-7791
Topic: DOE Complex-wide Status on Application of MNA

Bob Van Pelt
Bechtel Savannah River Inc.
(803) 952-6523
Topic: Implementation of MNA at SRS
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Edison, NJ 08837
(732) 321-6738     fax (732) 321-4484
Topic:  Pump and Treat Optimization

Presenters:

Marc D. Gill, Ph.D., P.E.
Lead Engineer
Mitretek Systems, Inc.
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Email:  mgill@mitretek.org
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Mohammad F. N. Mohsen
Manager
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Presenters:

Harry Compton
US EPA, Region 3
(732) 321-6751
Topic: Field Monitoring and Data for
Phyto of VOCs

Lee Newman
University of Washington
(206) 616-2388
Topic: Phyto Remediation of VOCs

Mike Kuperberg
Florida State University
(850) 644-5524
Topic: Phyto Remediation of Metals

Christina Negri
Argonne National Lab
(630) 252-9662
Topic: Phyto Demonstration at ANL

Robin Brigmon
Savannah River Technology Center
(803) 557-7719
Topic: Phyto Applications at SRS



US ARMY CORPS OF ENGINEERS, KANSAS DISTRICT

TITLE:
Circulation Well Technology Applications

AUTHOR:
Allen Tool

ABSTRACT
The US Army Corps of Engineers, Kansas City District, is actively involved in deployment of
Circulation Well technology for treatment of groundwater contaminated by Volatile Organic
Compounds (VOCs) and Explosives.  This presentation will include an overview of completed
and planned full-scale pilot studies at the Former Blaine Naval Ammunition Depot (NAD) and
ongoing full-scale pilot studies at Former Nebraska Ordnance Plant. One of the pilot installations
at the Former Nebraska Ordnance Plant (NOP) will treat Hexahydro-1,3,5-trinitro-1,3,5-triazine
(RDX).  The RDX will be destroyed using an Ultraviolet Light (UV) reactor installed below
ground. The primary contaminant being treated at the remainder of the sites is Trichloroethene
(TCE).  The treatment processes used for the VOC sites include various in-situ air stripping
technologies.  Pilot study results to date have indicated that recirculation wells function
effectively as one-pass treatment systems for contaminant mass removal.
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Circulation Well Pilot Study Sites

1 Former Blaine Naval Ammunition Depot at
Hastings, Nebraska

2 Former Nebraska Ordnance Plant at Mead,
Nebraska



� The facility produced 40 percent of the naval munitions for World
War II and the Korean Conflict and was decommissioned in 1968.

Former Blaine Naval Ammunition Depot 



Hastings Pilot Study Site

� Point source of TCE (Old Sewer Manhole)

� Relatively small, discrete TCE plume



Circulation Well Locations

UVB

NoVOC*

*



Pilot Project Objectives

� Evaluate site-specific applicability of
NoVOCTM and UVB circulation wells
� Confirm development of circulation cell

� Transducer studies

� Dye tracer tests

� VOC analyses

� Evaluate systems effectiveness to remove
VOCs

� Evaluate costs
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NoVOC in-well stripping technology
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NoVoc Process Equipment Trailer



NoVOCs Monitoring Wells



Nested Monitoring Wells



UVB Flow Geometry - Plan ViewUVB Flow Geometry - Plan View

Regional Groundwater Flow Direction

Scale   |---------|
                 50�



UVB Treatment Well

---- PACKER

---- SUBMERSIBLE PUMP

--- TREATED DISCHARGE

LABYRINTH
 AIR STRIPPER



UVB Labyrinth



UVB Installation

---- Air/Vapor Discharge

----- Air Intake



UVB Labyrinth Air Stripper



Transducer Tests

� Transducers placed at the upper and lower
screens of the treatment wells

� Transducers placed in the upper and lower
screens of each monitoring well pair

� Three 1,000 hour tests conducted



Dye Tracer Tests

� Fluoriscein dye injected in the lower screen
of the nearest monitoring well cluster

� Shallow monitoring wells sampled first

� Dye sampling began in deep monitoring
wells in each cluster after detection in the
shallow well

� Visual color comparisons and laboratory
analyses used for dye detection



Chemical Data Study

� VOC samples over 5 month period

� All monitoring wells sampled during each
sampling round

� Samples collected at the inlet and outlet
screens of the treatment wells



NoVOCs� Conclusions

� Pumping rate achieved was about 0.76 gpm

� KH near the upper confining layer <8.6
ft/day, approx. 6.6 ft/day

� KH  near the water table <45 ft/day, approx.
20 ft/day

� Anisotropy >10, KV <0.6 ft/day



NoVOCs� Conclusions (Cont.)
� Transducer studies inconclusive

� Dye tracer studies did not demonstrate the
formation of a circulation cell

� Results of VOC sampling and analyses
confirmed dye tracer conclusions

� Treatment efficiency > 90% with one pass
through the well

� Achieved MCL in upper portion of the
aquifer



UVB Conclusions

� Pumping rates achieved were from 1.1 to
2.0 gpm

� KH near the upper confining layer <8.6
ft/day, approx. 7.4ft/day

� KH near the water table >45 ft/day, approx.
110 ft/day

� Anisotropy > 10, KV approx. 0.42 ft/day



UVB Conclusions (Cont.)
� Transducer studies inconclusive

� Based on dye tracer studies, a circulation
cell of a radius of 28± feet was established
(insignificant flow in the cell)

� Results of VOC sampling and analyses
confirm dye tracer findings

� Treatment efficiency > 99% in one pass
through the well

� Achieved MCL in upper portion of the
aquifer



Lessons Learned

� Transducer data alone not adequate

� Dye studies coupled with contaminant data
effective combination

� Site specific groundwater flow simulation
helpful

� Hydraulic conductivity (horizontal and
vertical) critical

� Technology effective as one pass treatment



Former Nebraska Ordnance Plant
Groundwater

Circulation Well Pilot Study



Mead Site Map

Current Extraction: 600 gpm

Phase I Extraction: 2,550 gpm

Phase II Extraction: 3,450 gpm

----- TCE Plume

RDX Plume ---
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Submersible Pump-Type

---- PACKER
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RDX Site



RDX Circulation Well



GCW Flow Geometry - Plan
View

Regional Groundwater Flow Direction



GCW Flow Geometry - Cross-
Section

Regional Groundwater Flow Direction





RDX Ultraviolet Treatment

PS Q: 15, 17.5, 20 gpm (max 30 gpm)

Max RDX: 534 ug/l, 80-90 percent eff

3.5 kW MP UV

12�x36�x16�
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RDX Treatment
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CAPTURE ZONE MAXIMUM WIDTH
~375'

MODEL-PREDICTED INJECTION ZONE
MAXIMUM WIDTH 370 FEET

MOST LIKELY RANGE - 130 TO 430 FEET

FIGURE 3
TYPICAL GCW TREATMENT GEOMETRY
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MODEL-PREDICTED GROUNDWATER
CIRCULATION CELL DIAMETER 160 FEET
MOST LIKELY RANGE - 65 TO 210 FEET

LEGEND

GROUNDWATER CIRCULATION WELL

MODEL- PREDICTED GROUNDWATER 
CIRCULATION CELL

     EXTRACTION WELL CAPTURE ZONE INJECTION ZONE 

PROPOSED MONITORING WELL CLUSTER
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CRUSHED ROCK SLAB (120 x 120 FEET)

DOD PROPERTY LINE (BARBED W
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TCE Treatment

PS Q: 30, 40, 50 gpm (max 30 gpm)

Max TCE: 4,800 ug/l, 96 percent eff

3 trays, 300 cfm

4�x6�x6� skid-mounted



Field Analyses

� RDX
� Immunoassay

� <5 ppb, 5-15 ppb, 15-25 ppb, 25-45 ppb

� TCE
� Photochemical/colorization

� 5-2,000 ppb, 4 ppb MDL, 9 ppb MQL

� Selected lab confirmation
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On-Site Thermal Desorption of PCP and Dioxin Contaminated Soil at the Coleman Evans Wood

Preserving Site, Whitehouse, Florida, USA.
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ABSTRACT:
Roy F. Weston, Inc (Weston) has designed an indirect thermal desorption process (known as the LT3-HT)
to treat solids and sludges contaminated with hazardous and toxic materials.  The LT3-HT is a high-
temperature, high capacity thermal desorption system designed for treatment of semivolatile and volatile
organic contaminants that require high treatment temperatures.  The LT3-HT includes Weston's original
and patented thermal desorption technology to dry the feed material, via indirect heat transfer, prior to
conveying the contaminated soil to the second-stage desorption process which elevates the soil to the
desired treatment temperatures.  The second-stage desorption process is comprised of an indirectly heated
chamber that heats the feed material up to 1,000 degrees F to evaporate the contaminants from the solid
matrix.  The desorbed vapors are filtered to remove particulate matter and then passed through an air
pollution control system that condenses the evaporated organic contaminants and water.  The
contaminants are then easily separated from the liquid condensate.

The US Army Corps of Engineers (USACE) and The IT Group selected Weston as a subcontractor to
perform the on-site treatment of 65,000 dry tons of pentachlorophenol (PCP and dioxin contaminated soil
at the Coleman Evans Superfund site in Whitehouse, Florida, USA.  The thermal desorption system will
complete a rigorous Proof of Performance (POP) Test Program.  Following the POP Test, operations are
expected to continue through the end of the year 2000.  This paper describes the technical and regulatory
challenges associated with the thermal treatment of PCP and dioxin contaminated soil.
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Site HistorySite History

�� Former wood preserving operationFormer wood preserving operation

�� Privately owned and operated from 1954Privately owned and operated from 1954
to mid 1980sto mid 1980s

�� EPA Region IV began first investigation inEPA Region IV began first investigation in
1982, and initiated enforcement actions1982, and initiated enforcement actions

�� EPA settled with site owner for $350,000 inEPA settled with site owner for $350,000 in
1990 - Current Working Estimate for1990 - Current Working Estimate for
completion = $22 Millioncompletion = $22 Million
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Site ContaminantsSite Contaminants

�� Wood was pressure treated with mix ofWood was pressure treated with mix of
pentachlorophenol (PCP) and fuel oilpentachlorophenol (PCP) and fuel oil

�� Low level dioxin contamination believed toLow level dioxin contamination believed to
be deposition resulting from on-site burningbe deposition resulting from on-site burning
of sawdust and scrap woodof sawdust and scrap wood

�� Pockets of �free product� oil also exist atPockets of �free product� oil also exist at
the sitethe site
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Remedial DesignRemedial Design

�� Several iterations of the ROD (1986 to 1997)Several iterations of the ROD (1986 to 1997)

�� 1997 Amended ROD specifies thermal1997 Amended ROD specifies thermal
desorption as the selected remedydesorption as the selected remedy

�� The 1997 AROD also specifies that "�theThe 1997 AROD also specifies that "�the
off-gas treatment be non-off-gas treatment be non-combustivecombustive (i.e., (i.e.,
units employing thermal oxidationunits employing thermal oxidation
chambers, afterburners, and other similarchambers, afterburners, and other similar
equipment will not be used)."equipment will not be used)."



International Conference on Incineration and Thermal Treatment Technologies  May 8-12 2000                     Slide #5

Remedial DesignRemedial Design

�� The 1997 AROD identifies 55,000 The 1997 AROD identifies 55,000 cycy of of
contaminated soil to be excavated and treatedcontaminated soil to be excavated and treated
on siteon site

�� Clean-Up Goals defined by the 1997 ARODClean-Up Goals defined by the 1997 AROD

ContaminantContaminant    Max.      Max.      Mean    Mean     GoalGoal

          PCPPCP    36,000   36,000      500     500       2 2 ppmppm

  Dioxin TEQ  Dioxin TEQ       72      72       15      15 1 1 ppbppb
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Remedial DesignRemedial Design

�� 1997 - EPA Region IV selected the US1997 - EPA Region IV selected the US
Army Corps of Engineers-Kansas CityArmy Corps of Engineers-Kansas City
District to complete the Remedial DesignDistrict to complete the Remedial Design
for both soil and groundwaterfor both soil and groundwater

�� 1997-1998 - USACE completed several1997-1998 - USACE completed several
focused investigations and thermalfocused investigations and thermal
desorption treatability studydesorption treatability study
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Remedial ActionRemedial Action

�� 1999 - USACE completed the Remedial1999 - USACE completed the Remedial
Design and contracted with The IT Group toDesign and contracted with The IT Group to
execute the constructionexecute the construction

�� 1999 - The IT Group selected Roy F. Weston,1999 - The IT Group selected Roy F. Weston,
Inc. as the sub-contractor to perform theInc. as the sub-contractor to perform the
thermal treatmentthermal treatment

�� 2000 - Thermal treatment unit erected in2000 - Thermal treatment unit erected in
April - treatment will begin on May 22April - treatment will begin on May 22







Soil staining - petroleum odorSoil staining - petroleum odor



Wide angle view of the site - more soil stainingWide angle view of the site - more soil staining



Derelict incinerator - used during operationsDerelict incinerator - used during operations



�Free Product� oil in bailer on site�Free Product� oil in bailer on site



One of the two �mystery� sumpsOne of the two �mystery� sumps



On site debris piles to be removedOn site debris piles to be removed



ExcavationExcavation
LimitsLimits

DDioxin isioxin is
limited to toplimited to top

6 inches6 inches

DeepestDeepest
excavation isexcavation is

18 ft BGS18 ft BGS



Soil Contamination - dark soil stainingSoil Contamination - dark soil staining



Groundwater and oil collects in excavation areasGroundwater and oil collects in excavation areas



Concrete Foundation Pad - for the TDUConcrete Foundation Pad - for the TDU
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Thermal TreatmentThermal Treatment

�� Weston mobilized and erected their LTWeston mobilized and erected their LT33-HT-HT
thermal desorption unitthermal desorption unit

�� The LTThe LT33-HT is a true indirectly fired-HT is a true indirectly fired
desorption systemdesorption system

�� The APC system is based on condensationThe APC system is based on condensation
of the off-gasof the off-gas



Contaminated
soil goes into

the TDU

Soil is pre-heated
to remove 
moisture

Soil is transferred
to the high

temperature
chamber where

the contamination
is removed

Contaminated
air stream is filtered

by the baghouse

Filtered air stream 
is condensed to 

capture the water and
contamination

Non-condensable gas 
is filtered again and
 then recycled to the

propane burners

Exhaust gas is
released from the

main stack

LTLT33-HT Desorption Process-HT Desorption Process

Clean soil is
tested and
backfilled

onsite

Liquid
contamination

is collected
and sent

off-site for
disposal 



Entire LTEntire LT33-HT system - wide-angle-HT system - wide-angle



International Conference on Incineration and Thermal Treatment Technologies  May 8-12 2000                     Slide #23

Thermal TreatmentThermal Treatment

�� Feed soil is placed into feed hopper for theFeed soil is placed into feed hopper for the
thermal screw processorthermal screw processor

�� Hot oil is circulated within the hollow flightHot oil is circulated within the hollow flight
screw augersscrew augers

�� Dry soil is lifted via bucket elevator to kilnDry soil is lifted via bucket elevator to kiln
feed augerfeed auger

�� Treated soil is discharged from the kiln viaTreated soil is discharged from the kiln via
the wet ash drag conveyorthe wet ash drag conveyor



Feed Soil ConveyorFeed Soil Conveyor



Thermal Screw Processor - pre-heats the soilThermal Screw Processor - pre-heats the soil



Thermal Screw Processor - interiorThermal Screw Processor - interior



Bucket Elevator - approximately 30 feet tallBucket Elevator - approximately 30 feet tall



Bucket Elevator - close-upBucket Elevator - close-up



Indirectly heated rotary kilnIndirectly heated rotary kiln



Indirectly heated rotary kilnIndirectly heated rotary kiln



Primary Burner Train - propane firedPrimary Burner Train - propane fired



Burner test fire - total of 6 burnersBurner test fire - total of 6 burners
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Thermal TreatmentThermal Treatment

�� Steam is being used as the sweep gas toSteam is being used as the sweep gas to
maintain less than 5% oxygen in themaintain less than 5% oxygen in the
systemsystem

�� off-gas is filtered by the baghouse -off-gas is filtered by the baghouse -
particulate is recycledparticulate is recycled

�� off-gas is condensed via 1st stage wateroff-gas is condensed via 1st stage water
cooled condenser and 2nd stagecooled condenser and 2nd stage
water/glycol cooled condenserwater/glycol cooled condenser
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Thermal TreatmentThermal Treatment

�� Remaining non-condensable off-gas isRemaining non-condensable off-gas is
filtered via vapor phase activated carbonfiltered via vapor phase activated carbon

�� Off-gas is recycled back to primaryOff-gas is recycled back to primary
combustion air blowercombustion air blower



Baghouse - exteriorBaghouse - exterior



Condensers and water cooling towersCondensers and water cooling towers
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Performance TestingPerformance Testing

�� Startup phase - testing with clean soilStartup phase - testing with clean soil

�� ShakedownShakedown

�� limited to 30 days (720 operating hours)limited to 30 days (720 operating hours)

�� contaminated soilcontaminated soil

�� Evaluation Test - stack sampling, singleEvaluation Test - stack sampling, single
run, pre-testrun, pre-test

�� Proof of Performance Test - stackProof of Performance Test - stack
sampling, 3 duplicate runssampling, 3 duplicate runs
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Performance TestingPerformance Testing

�� Emissions CriteriaEmissions Criteria

�� Dioxins/Dioxins/furans furans = 0.2 = 0.2 ngng//dscm dscm TEQTEQ

�� Opacity = 5%Opacity = 5%

�� Particulate = 0.015 grains/Particulate = 0.015 grains/dscfdscf

�� Total Hydrocarbons = 100 ppmTotal Hydrocarbons = 100 ppm

�� Carbon Monoxide = 100 ppmCarbon Monoxide = 100 ppm

�� Pentachlorophenol, Pentachlorophenol, HClHCl, and metals are, and metals are
fencelinefenceline concentration based limits concentration based limits
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Treatment ScheduleTreatment Schedule

�� Approximate Schedule:Approximate Schedule:

�� Startup phase = May 1Startup phase = May 1

�� Shakedown phase = May 22Shakedown phase = May 22

�� Evaluation Test = June 1Evaluation Test = June 1

�� Proof of Performance Test = June 22Proof of Performance Test = June 22

�� Interim Operations (85% capacity) = June 26Interim Operations (85% capacity) = June 26

�� Full Scale Operations (100%) = July 11Full Scale Operations (100%) = July 11
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AUTHOR:
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ABSTRACT
Savannah District has been installing and sampling direct-push wells since 1996.  Since that time,
numerous district customers and state regulatory agencies have come to value the inherent cost and time
savings and improved data quality associated with direct push well installation and sampling. The average
cost of direct push well installation is approximately one-fourth that of conventional drilling, with a similar
time savings factor, while the generation of IDW is virtually eliminated.  Installation of direct push wells
allows for a greater degree of control in the installation of a proper screen, filter pack, and seal.  Direct push
wells are generally completed with shorter screen lengths and smaller diameters, which allow for more
discrete sampling of the aquifer and reduction of sample dilution common with longer length well screens.
Direct push wells can be installed with a variety of platforms, including Geoprobe units, CPT trucks, and
drill rigs.

Low flow sampling methods combined with direct push well installations result in significantly lower
sampling costs and better data quality and control.  The smaller diameter direct push wells require minimal
development due to the small size of the prepacked filter.  The typical direct push well purge volume is less
than one gallon.  Low flow sampling involves using a low flow pump (<100 ml/min) attached to a flow
through cell, which is equipped with a variety of water quality instruments to measure Dissolved Oxygen,
temperature, pH, conductivity, turbidity, and REDOX potential. The ground-water samples are collected
once all of these parameters have stabilized during purging; indicating that formation water has entered the
well bore.  Generally, less than two gallons of purge water is evacuated from a typical direct push well
during a sampling event while still achieving a turbidity of less than five NTUs.  This is approximately one-
quarter the volume of purge water generated from a conventional monitoring well.

Savannah District has received regulatory acceptance for direct push well installations and low flow
sampling in Florida, Georgia, South Carolina, North Carolina, and the Commonwealth of Puerto Rico.

Biography:
B.A. Geology, Miami University, 1983
M.S. Geology and Geophysics, Purdue University, 1986
Geophysicist, Naval Oceanographic Office, 1986-1990
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Project Geologist, Savannah District, Corps of Engineers, 1994-Present
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Savannah DistrictSavannah District

Direct-Push (DP) WellsDirect-Push (DP) Wells

ll In use since 1995In use since 1995

ll Over 50,000 DP wells installed per year and increasingOver 50,000 DP wells installed per year and increasing

ll PVC well screen surrounded by filter sand pack enclosed with steel meshPVC well screen surrounded by filter sand pack enclosed with steel mesh

ll Generally available from 1/2� to 2� diameterGenerally available from 1/2� to 2� diameter

ll 2.5� to 5� lengths with slot size 0.01� to 0.25�2.5� to 5� lengths with slot size 0.01� to 0.25�

ll Different size sand packs: 20/40, 40/70, 70/120, or fill your ownDifferent size sand packs: 20/40, 40/70, 70/120, or fill your own

ll Bentonite Seals available with variable hydration timesBentonite Seals available with variable hydration times
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Direct-Push (DP) WellsDirect-Push (DP) Wells

ll In use since 1995In use since 1995
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ll Bentonite Seals available with variable hydration timesBentonite Seals available with variable hydration times



5

Savannah DistrictSavannah District

Direct-Push (DP) WellsDirect-Push (DP) Wells

DP Wells and Drive Casing
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Direct-Push (DP) WellsDirect-Push (DP) Wells

DP Well Ready for Installation
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Direct-Push (DP) WellsDirect-Push (DP) Wells

ll In use since 1995In use since 1995

ll Over 50,000 DP wells installed per year and increasingOver 50,000 DP wells installed per year and increasing
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Direct-Push (DP) WellsDirect-Push (DP) Wells

ll In use since 1995In use since 1995

ll Over 50,000 DP wells installed per year and increasingOver 50,000 DP wells installed per year and increasing
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Direct-Push (DP) WellsDirect-Push (DP) Wells

Filling of DP Well with
Desired Filter Sand
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Savannah DistrictSavannah District

Direct-Push (DP) WellsDirect-Push (DP) Wells

ll In use since 1995In use since 1995

ll Over 50,000 DP wells installed per year and increasingOver 50,000 DP wells installed per year and increasing

ll PVC well screen surrounded by filter sand pack enclosed with steel meshPVC well screen surrounded by filter sand pack enclosed with steel mesh

ll Generally available from 1/2� to 2� diameterGenerally available from 1/2� to 2� diameter

ll 2.5� to 5� lengths with slot size 0.01� to 0.25�2.5� to 5� lengths with slot size 0.01� to 0.25�

ll Different size sand packs: 20/40, 40/70, 70/120, or fill your ownDifferent size sand packs: 20/40, 40/70, 70/120, or fill your own

ll Bentonite Seals available with variable hydration timesBentonite Seals available with variable hydration times
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Direct-Push (DP) WellsDirect-Push (DP) Wells

DP Wells with Bentonite Seal and PVC Riser Pipe
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DP Well InstallationDP Well Installation

ll DP Wells installed using a Geoprobe, CPT Truck or Drill RigDP Wells installed using a Geoprobe, CPT Truck or Drill Rig

ll Outer casing equipped with sacrificial tip is driven to desired depthOuter casing equipped with sacrificial tip is driven to desired depth

ll DP well installed inside the casing with appropriate length of riser pipeDP well installed inside the casing with appropriate length of riser pipe

ll Casing is removed and sand, bentonite and grout is addedCasing is removed and sand, bentonite and grout is added

ll DP well finished with standard well completionDP well finished with standard well completion
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DP Well InstallationDP Well Installation

Savannah District Geoprobe DT-66 Direct-Push Rig



15

Savannah DistrictSavannah District

DP Well InstallationDP Well Installation

Savannah District SCAPS Rig
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Savannah DistrictSavannah District

DP Well InstallationDP Well Installation

CME 550 Drill Rig
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Savannah DistrictSavannah District

DP Well InstallationDP Well Installation

ll DP Wells installed using a Geoprobe, CPT Truck or Drill RigDP Wells installed using a Geoprobe, CPT Truck or Drill Rig

ll Outer casing equipped with sacrificial tip is driven to desired depthOuter casing equipped with sacrificial tip is driven to desired depth

ll DP well installed inside the casing with appropriate length of riser pipeDP well installed inside the casing with appropriate length of riser pipe

ll Casing is removed and sand, bentonite and grout is addedCasing is removed and sand, bentonite and grout is added

ll DP well finished with standard well completionDP well finished with standard well completion
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Savannah DistrictSavannah District

DP Well InstallationDP Well Installation

DP Well Drive Casing
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Savannah DistrictSavannah District

DP Well InstallationDP Well Installation

Casing Driven to Desired Depth
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Savannah DistrictSavannah District

DP Well InstallationDP Well Installation

ll DP Wells installed using a Geoprobe, CPT Truck or Drill RigDP Wells installed using a Geoprobe, CPT Truck or Drill Rig

ll Outer casing equipped with sacrificial tip is driven to desired depthOuter casing equipped with sacrificial tip is driven to desired depth

ll DP well installed inside the casing with appropriate length of riser pipeDP well installed inside the casing with appropriate length of riser pipe

ll Casing is removed and sand, bentonite and grout is addedCasing is removed and sand, bentonite and grout is added

ll DP well finished with standard well completionDP well finished with standard well completion
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DP Well InstallationDP Well Installation

Installation of DP Well
into Casing
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Savannah DistrictSavannah District

DP Well InstallationDP Well Installation

Removal of DP Casing
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Savannah DistrictSavannah District

DP Well InstallationDP Well Installation

ll DP Wells installed using a Geoprobe, CPT Truck or Drill RigDP Wells installed using a Geoprobe, CPT Truck or Drill Rig

ll Outer casing equipped with sacrificial tip is driven to desired depthOuter casing equipped with sacrificial tip is driven to desired depth

ll DP well installed inside the casing with appropriate length of riser pipeDP well installed inside the casing with appropriate length of riser pipe

ll Casing is removed and sand, bentonite and grout is addedCasing is removed and sand, bentonite and grout is added

ll DP well finished with standard well completionDP well finished with standard well completion
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Savannah DistrictSavannah District

DP Well InstallationDP Well Installation

Addition of Sand and Bentonite to DP Well
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Savannah DistrictSavannah District

DP Well InstallationDP Well Installation

ll DP Wells installed using a Geoprobe, CPT Truck or Drill RigDP Wells installed using a Geoprobe, CPT Truck or Drill Rig

ll Outer casing equipped with sacrificial tip is driven to desired depthOuter casing equipped with sacrificial tip is driven to desired depth

ll DP well installed inside the casing with appropriate length of riser pipeDP well installed inside the casing with appropriate length of riser pipe

ll Casing is removed and sand, bentonite and grout is addedCasing is removed and sand, bentonite and grout is added

ll DP well finished with standard well completionDP well finished with standard well completion
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DP Well InstallationDP Well Installation

Above Ground DP Well Completion
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Savannah DistrictSavannah District

Advantages of DP WellsAdvantages of DP Wells

ll Higher quality well installationHigher quality well installation

ll Better discrete sampling of the aquiferBetter discrete sampling of the aquifer

ll Less disturbance to aquifer during DP well installationLess disturbance to aquifer during DP well installation

ll Cost of DP well are one-third to one-fourth that of conventional wellsCost of DP well are one-third to one-fourth that of conventional wells

ll Installation of DP wells three to four times faster than conventional wellsInstallation of DP wells three to four times faster than conventional wells

ll Minimal IDW generationMinimal IDW generation

ll Minimal development required for DP wellsMinimal development required for DP wells

ll No fluids needed to install DP wellsNo fluids needed to install DP wells

ll Smaller equipment footprint associated with DP well installationSmaller equipment footprint associated with DP well installation
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Advantages of DP WellsAdvantages of DP Wells

IDW Generation of Conventional Wells verses DP Wells
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Advantages of DP WellsAdvantages of DP Wells

Self-Contained Geoprobe DP Rig
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Advantages of DP WellsAdvantages of DP Wells

Traditional Drilling Method
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Limitations of DP WellsLimitations of DP Wells

ll Can not push DP wells in bedrock or highly consolidated formationsCan not push DP wells in bedrock or highly consolidated formations

ll Depth dependant based on formationDepth dependant based on formation

ll Currently limited to a maximum 2� diameter DP wellCurrently limited to a maximum 2� diameter DP well

ll Limits to the size of down-hole equipmentLimits to the size of down-hole equipment

ll Not suitable for high volume ground-water extraction wellsNot suitable for high volume ground-water extraction wells

ll DP wells available in PVC, special order for Teflon or stainless steelDP wells available in PVC, special order for Teflon or stainless steel
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Low-Flow Sampling ofLow-Flow Sampling of
DP WellsDP Wells

ll Utilize low ground-water extraction rate to collect representative samplesUtilize low ground-water extraction rate to collect representative samples
(500 ml/min - 100 ml/min)(500 ml/min - 100 ml/min)

ll Maintain minimal water table drawdown (<0.1 feet)Maintain minimal water table drawdown (<0.1 feet)

ll Use peristaltic, bladder, or submersible impeller pumpUse peristaltic, bladder, or submersible impeller pump

ll GW pumped to a flow-thru cell equipped with multiple parameter probesGW pumped to a flow-thru cell equipped with multiple parameter probes

ll D.O., Conductivity, Temp., pH, REDOX and turbidityD.O., Conductivity, Temp., pH, REDOX and turbidity

ll Samples collected after all parameters stabilize within +/- 5%Samples collected after all parameters stabilize within +/- 5%

ll Rapid change in geochemical parameters followed by gradual stabilizationRapid change in geochemical parameters followed by gradual stabilization

ll Indication of formation water in the well boreIndication of formation water in the well bore
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Low-Flow Sampling ofLow-Flow Sampling of
DP WellsDP Wells

Flow-Thru Cell with Instruments
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Low-Flow Sampling ofLow-Flow Sampling of
DP WellsDP Wells

Typical Low-Flow Equipment Setup
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Advantages of Low-FlowAdvantages of Low-Flow
Sampling in DP WellsSampling in DP Wells

ll Minimal stress on aquifer while samplingMinimal stress on aquifer while sampling

ll Reduce mixing of stagnant well casing water with formation waterReduce mixing of stagnant well casing water with formation water

ll Sample smaller discrete zone of the aquiferSample smaller discrete zone of the aquifer

ll Sample not �diluted� due to longer screen lengthSample not �diluted� due to longer screen length

ll Better sample consistency and reduced sampling artifactsBetter sample consistency and reduced sampling artifacts

ll Typically evacuate up to 90% less purge water (IDW) than conventionalTypically evacuate up to 90% less purge water (IDW) than conventional
wellswells

ll Obtain reduced sample turbidityObtain reduced sample turbidity

ll Increase sampling efficiency by 30 to 40 percentIncrease sampling efficiency by 30 to 40 percent

ll Collect valuable geochemical data during samplingCollect valuable geochemical data during sampling

ll Useful for Monitored Natural Attenuation and Long Term MonitoringUseful for Monitored Natural Attenuation and Long Term Monitoring
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IDW Generation of Conventional Wells verses DP Wells
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ll Obtain reduced sample turbidityObtain reduced sample turbidity

ll Increase sampling efficiency by 30 to 40 percentIncrease sampling efficiency by 30 to 40 percent

ll Collect valuable geochemical data during samplingCollect valuable geochemical data during sampling

ll Useful for Monitored Natural Attenuation and Long Term MonitoringUseful for Monitored Natural Attenuation and Long Term Monitoring
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Limitations of Low-FlowLimitations of Low-Flow
Sampling in DP WellsSampling in DP Wells

ll Higher initial capital cost for equipmentHigher initial capital cost for equipment

ll Greater initial field setup timeGreater initial field setup time

ll Need to transport equipment to and from each wellNeed to transport equipment to and from each well

ll Not suitable for very low flow formations or fractured bedrock (<50ml/min)Not suitable for very low flow formations or fractured bedrock (<50ml/min)

ll Concerns that new sampling method will result in change in readingsConcerns that new sampling method will result in change in readings

ll Resistance to sampling and regulatory communities to changeResistance to sampling and regulatory communities to change
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Regulatory Approval of DPRegulatory Approval of DP
Wells and Low-Flow SamplingWells and Low-Flow Sampling

ll Approved for use in Georgia, South Carolina, Florida, North Carolina andApproved for use in Georgia, South Carolina, Florida, North Carolina and
Puerto RicoPuerto Rico

ll State Programs: USTs, Dry Cleaning programsState Programs: USTs, Dry Cleaning programs

ll EPA Programs: RCRA, Superfund and BrownfieldsEPA Programs: RCRA, Superfund and Brownfields

ll FUDSFUDS
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ConclusionsConclusions

ll Significant cost and time savingsSignificant cost and time savings

ll High well and sample qualityHigh well and sample quality

ll Minimal IDW generationMinimal IDW generation

ll Site accessibilitySite accessibility

ll Try it, you�ll like itTry it, you�ll like it
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TITLE:
Dual Reactive Barrier Walls for the Remediation of Chlorinated Hydrocarbons,

Watervliet Arsenal, New York: Design and Installation

AUTHOR:
Russell Marsh, USACE Baltimore District, PO Box 1715, Baltimore, Maryland, 21203-

1715

ABSTRACT

The Watervliet Arsenal in Albany, New York, discovered chlorinated hydrocarbons (CHCs) in its
groundwater in concentrations that exceeded MCLs by several orders of magnitude.  The U.S. Army
Corps of Engineers and Malcolm Pirnie implemented an in-situ permeable reactive wall utilizing
commercially available metallic iron filings.  Two reactive walls totaling approximately 285 ft. in
length were installed using conventional excavation methods.  Trenches were approximately 12 ft.
in depth and were keyed into competent bedrock.  A mixture of iron filings and sand was used to
backfill the trenches. Reactive walls greatly reduce Operation and Maintenance (O&M) costs
compared to traditional pump and treat systems. In this case, savings are estimated at over $3 million
for the 30-year life of the project.  In addition, final design/build costs ($390,000) were
approximately a third of the cost of a conventional remediation technology.  Though groundwater
velocities are slow (0.15 ft/day), confirmatory sampling indicates CHC concentrations below
detection limits within and downgradient of the reactive trenches.
This project was considered a success; however, there were several lessons learned.  1)  It is easy to
overestimate the amount of water expected to enter the open trenches during installation.  In our
case, this caused us to install a holding tank many orders of magnitude larger than what was needed.
 2)  We planned on using a visual Quality Control (QC) of  the iron/sand mixture before
emplacement in the open trench.  This proved to be impossible due to the fact that the sand and the
iron were the same color.  QC practices had to be modified in the field to include magnetic
separation of the iron and sand fractions.



Dua l Re a c tive  Ba rrie r Wa lls for the  Re m e d ia tion
of Chlorina te d  Hyd ro c a rbons, Wa te rvlie t

Arse na l, N e w  York: De sign a nd Insta lla tion



Siberia Area Flow System
Boundaries



Conceptual Cross-section
Through Siberia Area

REGIONAL GROUNDWATER FLOW



Stratigraphy of the Siberia Area



Groundwater
Modeling Results

• Flow barriers (funnels) created underflow and
reduced reactive wall efficiency.

• Reactive walls which are not perpendicular to
groundwater flow create �pipes� that cause
underflow or mounding.

• Dual reactive walls provided the most efficient
configuration.
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Reactive Wall Design



Design Parameters



Steady State Organic Concentration Profiles
Versus Distance in the Bench Scale Column
for PCE, TCE and VC



Bench-Scale
Results

• 60 hours residence time for vinyl chloride
(2.5 days)

• 0.38 foot thick wall
• 100% iron
• Precipitation of inorganics possible
• Precipitates unlikely to affect system



Reactive Wall Design

• South section - 190 linear feet
• North section - 80 linear feet
• Depth - 8 to12 feet below ground surface
• 4 foot wide trench/wall
• Mix of iron and sand
• Weight iron:sand ratio of 0.82, with safety factor
• Iron/sand mix prolongs effective life of wall



Dual Reactive Walls



Reactive Wall - Trench Profiles



Reactive Wall - Trench Details



EXCAVATION/CONSTRUCTION

• Conventional excavation using track-mounted
excavator

• Two sets of 10 feet x 20 feet steel shoring plates
• Hydraulic �speed shores� used to maintain

designed trench width (30 inches)
• Trench dewatered into temporary tank until

discharge via infiltration trench
• Manual placement of reactive materials from

transit truck using chutes



EXCAVATION/CONSTRUCTION
(cont.)

• Backfill behind shoring plates with sand to fill
voids

• Level/transit used to verify elevation of reactive
materials after removal of shoring plates











LESSONS LEARNED

• �Seat of the pants engineering�
• Field Quality Control
• Alternative sampling technologies

• KABIS sampler
• Diffusive bag sampler











Blank
Slide



QA/QC OF MIXED MATERIALS

• Lack of color contrast between iron and sand
made visual inspection of mixture difficult

• Weight slips from each load reviewed prior to
placement of materials in trench

• Grab samples of iron and sand mixture collected
from each load

• Selected samples magnetically separated and
components weighed to verify proper ratio



Operations & Maintenance

• Precipitates may cause porosity loss; results to
date indicate that media reactivity is maintained

• Rejuvenation may consist of �closed loop�
flushing, mechanical restoration of porosity, or
replacement of affected section

• In most environments, rejuvenation needed every
5 to 10 years (site specific)

• A percentage of media costs should be included in
O&M budget for rejuvenation



Materials and Costs

• 165 tons of Granular Iron
• 163 tons of Concrete Sand
• 32 groundwater monitoring wells installed
• Design Costs = $113,000
• Construction Costs = $278,000  (Approximately

1/3 the cost of a pump and treat system.)
• O&M cost Savings over 30-year life of project

estimated at over $3 million.



Is It Working?

• Only one round of sampling completed
• Groundwater results inside the reactive walls

show ND for CHCs
• Upgradient and downgradient results comparable

to previous events
• Calculated Groundwater Velocities = 0.15 ft/day,

so it is too early to see effects downgradient.



Project awarded theProject awarded the

�DESIGN EXCELLENCE AWARD��DESIGN EXCELLENCE AWARD�

by theby the

Consulting Engineers Council of NewConsulting Engineers Council of New
York State, Inc.York State, Inc.



Hydraulic Conductivity
from Slug Test Data

Fill:            Mean = 8.9   ft/day
                   Low   = 0.42 ft/day
                   High  = 75.7 ft/day

Lacustrine:  Mean = 0.45 ft/day
                    Low   = 0.23 ft/day
                    High  = 1.37 ft/day

Weathered Bedrock:  Mean = 6.3 ft/day
(from Main Manufacturing Area) Low  = 0.95 ft/day

High  = 25.8 ft/day

Bedrock uniform based on calibration runs.



First-Order Kinetic Model Results Using
Bench Scale Half-Lives Adjusted to
Groundwater Temperature



Schematic of the Apparatus
Used in the Bench Scale Test



Degradation Half-Life for Selected VOCs
Contaminated Groundwater From Siberia
Area

VOC Initial Concentration
NYSDEC 

MCL
Half 
Life

Expected 
Field Half 

Life
Residence Time 

Required
ug/L ug/L (Hours) (Hours) (Hours)

PCE 500 5 1.8 3.6 24
TCE 1500 5 1.1 2.2 19

cDCE 4200 5 2.5 5.0 50
tDCE 45 5 5.0 10.0 32
VC 1100 2 3.1 6.2 60



Column and Iron
Properties
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TITLE:
The McCormick and Baxter Superfund Site SCAPS Investigation

AUTHORS:
Brewer, Steve; Burckhalter, Angela; Costanza, Jed; Kennedy, Chris;

Mattioda, Eddie; Murray, Cliff

ABSTRACT
The efficient characterization of non-aqueous phase liquids (NAPLs) is essential for the design
and evaluation of remedial actions.  The USACE's Site Characterization and Analysis
Penetrometer System (SCAPS) was utilized at the McCormick and Baxter Superfund Site in
Stockton, California to evaluate the extent, vertically and horizontally, of polyaromatic
hydrocarbons found at the site related to creosote preservative operations.  Data collected using
the SCAPS laser induced fluorescence (LIF) probe in conjunction with field analytical chemistry
was collected and visualized using the DoD developed Groundwater Modeling System (GMS).
The project represented a cooperative effort between two EPA agencies and four USACE
districts.



The McCORMICK AND BAXTER

SUPERFUND SITE

SCAPS INVESTIGATION

Stockton, California

July - September 1999
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Site Characterization and Analysis
Penetrometer System

SCAPS



SCAPS Description
The SCAPS technology consists of  a truck mounted cone
penetrometer, on-site data acquisition and analysis, and a
suite of sensor and sampler  probes.

 Additional features:

Grouting during extraction

High pressure/hot water decontamination



SCAPS



Push Room



Data Acquisition Room



Sensors

Laser Induced Fluorescence (LIF) --Detection of petroleum,
oil and lubricants. Evaluation of contamination utilizing
fluorescence produced by exposure to nitrogen laser.

X-Ray Fluorescence  (XRF) - Detects and quantifies heavy
metals in soil using X-ray generated fluorescence.

Laser Induced Breakdown Spectroscopy (LIBS) -  Detection of
metals based upon laser generated plasma.

Petroleum / Oil / Lubricant Sensor

Metals Sensors

Radionuclide Sensor
Enhanced Spectral Gamma Sensor - Detects gamma emitting

radionuclides in soil, groundwater, and quantifies heavy
metals in soil using X-ray generated fluorescence.



Sensors
Explosives Sensor

Explosives Sensor - Detection of nitrogen-based explosive 
compounds (TNT, RDX, HMX) through the use of 
electro-chemical sensors.

VOC Samplers/Sensors
Thermal Desorption Sampler - Detection of VOC soil 

contamination in the vadose zone.

  Hydrosparge Sampler - Allows the direct sampling of 
groundwater into a GC or ITMS.

Membrane Interface Probe (MIP) - Analysis for VOCs using
a gas permeable membrane in conjunction with an ITMS.



Sampling Tools

Soil Sampling



Soil Samples



Groundwater Sampling

PowerPunch  TipSlotted PVC Screen



 Well Point with riser

Groundwater Sampling 

from PowerPunch

Well Point Installation



The
McCormick & Baxter

Site



Location



Site History

Preservatives
            -Creosote
            -Pentachlorophenol (PCP)
            -Arsenic
            -Copper
            -Chromium
            -Zinc

McCormick and Baxter Creosoting Company
Operated 1942-1991

Carriers (solvents) - kerosene, diesel, butane, ether

Contaminants



Process/Source Areas
Oily Waste

Pond

Pole
Wash
Area

Old
Mormon Slough

Main Processing
Area

Cellon Process

UPRR
Property



LIF
Laser

Sapphire Window

Acquisition
System

Penetrometer

Optical Fibers

Shell Spectral Plot
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Completed Push InformationCone
Resistance

 (Qc)

Sleeve
Friction

 (fs)



Verification

Soil samples were collected for validation of LIF by TRPH
using a method comparable to EPA Method 418.1.

Additionally, the EPA performed analyses both on-site and
off-site for subsequent evaluation. (TPH fingerprinting by GC,
PAH/PCP by GC/MS).

Modified methods were specifically designed for quick
turnaround using on-site analysis.
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Spectral Log

99SE37  (56.0�-57.0�)

Spectral Plot - 99SE37 (56.37')
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Spectral Log
Spectral Plot - 99SE37 (93.76')
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LIF Investigation Limitations

Physical Constraints

Above ground obstacles

Subsurface obstacles

Chemical Constraints

Mineral interference (e.g. calcite, gypsum)

Organic materials (e.g. wood)



THE
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Cooperative Effort

 U.S. Environmental Protection Agency

Region 9, Program Management/Field Laboratory

Kerr Laboratory, Treatability Testing

U.S. Army Corps of Engineers

Albuquerque District, Project Management

Seattle District, Technical Management

Sacremento District, Technical Support

Tulsa District, SCAPS/Field Chemistry



Communication

Utilized internet sites for exchange of information.

Daily progress maps

Field plots

SCAPS data files

Wide geographic separation required enhanced
communication to allow team members to stay on top
of field operations.



Progress Map



Field Plot



Spectral Slide



Push Summary

Pushes Distance (ft)
LIF 104 9634
Groutprobe 33 2343
Dummy 109 725
Soil Sample 84 4179 (20 locations)
Flute Membrane 3 189

-------------- -----------------
333 17,070

Deepest Pushes LIF   155.8 ft.
 SS      102.0 ft.



Push Locations

104 LIF Pushes







GMS Output

Iso-contour Maps

Iso-surface Solids

Cross Sections
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Cross Sections
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47-SB27
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39-90 (closeup of 40-90)
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Iso-Surface View (300 counts)



Iso-Surface View (600 counts)



Ribbon NAPL Sampler
(FLUTe Membrane)

Demonstration



FLUTe fabric in pipe



Pulling out inverted FLUTe



Cutting open FLUTe





Larger FLUTe Dots
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AUTHOR:
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ABSTRACT
The purpose of this paper is to illustrate how multiple line of confirmatory evidence can be
utilized to more accurately quantify ground water treatment effectiveness via natural attenuation.
Current techniques of evaluating natural attenuation allow for a more  �forensic� approach to site
characterization and remedy selection than may be available when evaluating traditional
remediation systems.

The results of a natural attenuation assessment and a focused feasibility study of a chlorinated
solvent contaminated ground water plume at the Massachusetts Military Reservation (MMR) LF-
1 will be presented.

Existing and newly generated data in conjunction with state of the art scientific techniques were
utilized to evaluate natural mechanisms of contaminant attenuation and to provide an independent
and scientifically credible remedial alternative recommendation for the LF-1 plume.  Site-specific
technical data collected and analyzed in accordance with the Technical Protocol for Evaluating
Natural Attenuation of Chlorinated Solvents in Groundwater, U. S. EPA, EPA/600/R-98/128  will
be presented.  In addition, unique data analysis and modeling techniques will be presented.

Multiple, converging lines of chemical and geochemical evidence will be presented which
indicate that dissolved contaminants are undergoing biodegradation within a large area of the LF-
1 contaminant plume.  These lines of evidence include:

• With a few exceptions, concentrations of dissolved contaminants have declined or remained
steady since 1989 and the plume appears to be stable or receding;

• The total mass of dissolved contaminant in the LF-1 plume is declining over time;
• Contaminant breakdown products are found in the LF-1 plume;
• Plots of electron donors, electron acceptors, geochemical indicators, and metabolic

byproducts biodegradation reactions provide strong evidence for microbial consumption of
dissolved organic compounds.

• Seep sampling has confirmed that no detectable concentrations of contaminants are present at
these ground water discharge locations.

The results of the remedial alternatives analysis will be presented.  Considerations and
recommendations regarding comparative remedial alternative analysis will be provided.
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19941994 19951995 19961996 19971997 19981998 19991999

Monitored Natural
Attenuation Timeline
Monitored Natural
Attenuation Timeline

draft AFCEE protocol
for fuel hydrocarbons

draft AFCEE protocol
for fuel hydrocarbons final AFCEE protocolfinal AFCEE protocol

major oil
company
protocols

major oil
company
protocols

ASTM task group formedASTM task group formed

draft ASTM standard releaseddraft ASTM standard released

draft AFCEE protocol
for chlorinated solvents

draft AFCEE protocol
for chlorinated solvents

ASTM standard finalizedASTM standard finalized

NRC committee formedNRC committee formed

U.S. EPA protocol
for chlorinated solvents

U.S. EPA protocol
for chlorinated solvents

interim U.S. EPA
MNA directive

interim U.S. EPA
MNA directive

final U.S. EPA
MNA directive

final U.S. EPA
MNA directive

NRC Report completeNRC Report complete
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Natural Attenuation
as a Remedial

Alternative

Natural Attenuation
as a Remedial

Alternative
n A regulator looks for the data necessary

to determine that a proposed treatment
technology, if properly installed and
operated, will reduce the contaminant
concentrations in the soil and water to
legally mandated limits.  In this sense the
use of biological treatment systems calls
for the same level of investigation,
demonstration of effectiveness, and
monitoring as any conventional
(remediation) system (NRC, 1993)

n A regulator looks for the data necessary
to determine that a proposed treatment
technology, if properly installed and
operated, will reduce the contaminant
concentrations in the soil and water to
legally mandated limits.  In this sense the
use of biological treatment systems calls
for the same level of investigation,
demonstration of effectiveness, and
monitoring as any conventional
(remediation) system (NRC, 1993)
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Contaminant
within

Groundwater
System

Contaminant
within

Groundwater
System

Ground
Level

Ground
Level

Location of
Treatment

System

Location of
Treatment

System

Withdraw Sample to
Monitor Treatment

Effectiveness

Withdraw Sample to
Monitor Treatment

Effectiveness ETR2ETR2

NA1NA1

   1 NA:  Biological Treatment Reactor within the Groundwater

2 ETR:  Extraction Well; Treatment system; Reinjection Well

   1 NA:  Biological Treatment Reactor within the Groundwater

2 ETR:  Extraction Well; Treatment system; Reinjection Well
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MNA Lines of
Evidence

n First Line of Evidence
l Documented loss of

contaminant mass at the field
scale

n First Line of Evidence
l Documented loss of

contaminant mass at the field
scale
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MNA Lines of
Evidence (cont)

n Second Line of Evidence
lChemical and geochemical Analytical

data including;
uDecreasing parent compound
concentrations

uIncreasing daughter compound
concentrations

uDepletion of electron acceptors and
donors

uIncreasing metabolic by-product
concentrations

n Second Line of Evidence
lChemical and geochemical Analytical

data including;
uDecreasing parent compound
concentrations

uIncreasing daughter compound
concentrations

uDepletion of electron acceptors and
donors

uIncreasing metabolic by-product
concentrations
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MNA Lines of
Evidence (cont)

n Second Line of Evidence
l A conservative tracer and rigorous

estimate of residence time along the
flow path to document contaminant
mass reduction and to calculate
biological decay rates at the field
scale

n Second Line of Evidence
l A conservative tracer and rigorous

estimate of residence time along the
flow path to document contaminant
mass reduction and to calculate
biological decay rates at the field
scale
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MNA Lines of
Evidence (cont)

n Third Line of Evidence
l Microbiological laboratory

data that support the
occurrence of biodegradation
and provide estimated rates
of biodegradation.

n Third Line of Evidence
l Microbiological laboratory

data that support the
occurrence of biodegradation
and provide estimated rates
of biodegradation.
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Lines of Evidence MNA Traditional
Contaminants   44  44

Hydrogeology   44  44

Conc. Reductions
Time   44
Space   44

Mass Loss   44

Biogeochemical   44

Plume Tracers   44
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http://www.epa.gov/ada/reports.html
ftp://ftp.epa.gov/pub/ada/reports/protocol.pdf

http://www.epa.gov/ada/reports.html
ftp://ftp.epa.gov/pub/ada/reports/protocol.pdf
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Natural Biodegradation:
Second Line of Evidence
Natural Biodegradation:
Second Line of Evidence

n Positive indicators of contaminant
biodegradation

lLow dissolved oxygen
lLow dissolved sulfate
lElevated dissolved iron
lElevated dissolved methane
lElevated dissolved carbon dioxide levels
lElevated dissolved organic carbon levels
lElevated alkalinity levels
lElevated chloride levels
lLower oxidation reduction potential readings
lPresence of cis-1,2-DCE, a known

biodegradation byproduct.  Low comparative
levels of trans-1,2-DCE

n Positive indicators of contaminant
biodegradation

lLow dissolved oxygen
lLow dissolved sulfate
lElevated dissolved iron
lElevated dissolved methane
lElevated dissolved carbon dioxide levels
lElevated dissolved organic carbon levels
lElevated alkalinity levels
lElevated chloride levels
lLower oxidation reduction potential readings
lPresence of cis-1,2-DCE, a known

biodegradation byproduct.  Low comparative
levels of trans-1,2-DCE
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Site-
specific
Geo-
chemical
Profile

Site-
specific
Geo-
chemical
Profile

Parameter Background Contaminated
Zone

Oxygen (d) 11 mg/L <0.5 mg/L
Nitrate 0.68 mg/L ND
Iron(II) <0.01 mg/L 18 mg/L
Sulfate 56 mg/L ND
Methane (d) <0.001 mg/L 4.4 mg/L
Carbon
Dioxide (d)

<10 mg/L 190 mg/L

Alkalinity 14 - 37 mg/L 280 mg/L
ORP ~200 mV -453 mV
Chloride ~10 mg/L 81 mg/L
Organic
Carbon (d)

<0.76 mg/L 3.7 mg/L

Ethene <0.1 ug/L 0.91 ug/L
Ethane <0.1 ug/L 1.4 ug/L
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Year Dissolved VOC

Mass (kg), Field
Data

Dissolved VOC
Mass (kg),
Simulated

Mass Loss via
Biodegradation
(kg), Simulated

1989 NA 4061 0
1990 3573* 3885 154
1991 NA 371 304
1992 NA 3548 450
1993 NA 3385 592
1994 3872 3227 730
1995 3819 3073 864
1996 3281 2923 994
1997 3218 2778 1120
1998 2542 2635 1242
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Data

Dissolved VOC
Mass (kg),
Simulated

Mass Loss via
Biodegradation
(kg), Simulated

1989 NA 4061 0
1990 3573* 3885 154
1991 NA 371 304
1992 NA 3548 450
1993 NA 3385 592
1994 3872 3227 730
1995 3819 3073 864
1996 3281 2923 994
1997 3218 2778 1120
1998 2542 2635 1242
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Alternative 1998 2008 2018 2028 2048

2 � MNA 2,635 1,404 651 277 55.9

3A � 5.2 mgd ETR, Full
Capture, Downgradient

2,365 1,186 434 133 10.4

3B � 3.0 mgd ETR, Full
Capture, Upgradient

2,365 1,058 376 130 17.4

3C � 2.2 mgd ETR, Partial
Capture, N&S

2,365 1,054 375 130 16.3

3D � 0.5 mgd ETR, N Lobe
�warm-spot�

2,365 1,300 571 235 42.8

3E � 1.7 mgd ETR, N & S
Lobes �warm-spots�

2,365 1,087 399 140 21.4

4A � 0.6 mgd Upgrad ETR
for Municipal Wells

2,365 1,321 596 261 54.8

4B � Downgradient ETR
for Municipal Wells

2,365 1,372 615 249 46.3
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Attenuation

n Fuels
l Intrinsic Remediation Field Demonstrations (49)
l Risk Based Approach to Cleanup (12)
l Streamlined Risk  Based Approach (9)
l Developed BIOPLUME III & BIOSCREEN models

for Natural Attenuation Simulation

n Chlorinated Solvents
l Natural Attenuation Field Evaluation (19)
l Risk Based Approach to Cleanup (3)
l Developing BIOREM3D & BIOCHLOR models for

Natural Attenuation Simulation
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Chlorinated Solvent
Destructive

Attenuation Rates

Compounds
No. of
Rates

Geometric
Mean (day-1)

Half-
Life (yr)

Half-
Life (yr)

Median
(day-1)

Total Chlorinated
Ethenes

Trichloroethene

cis-1, 2-
Dichloroethene

Vinyl Chloride

8 (B&A)

5 (B&A)
1 (TMB)

4 (B&A)
1 (TMB)

1 (B&A)

4.0 x 10-4

5.2 x 10-4

7.0 x 10-4

3.7 x 10-4

3.0 x 10-4

4.7

3.7
2.7

5.1
6.3

1.9

2.6 x 10-4

5.0 x 10-4

3.8 x 10-4

       ___ 

1.0 x 10-4

7.3

3.8

5.0
   

1.9
1.0 x 10-4
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Attenuation Rates

n The field-scale biodegradation rate
constants ranged from 0.0002 to 0.08
percent per day (day-1), with a geometric
mean value of 0.0019 day-1.

n Biodegradation half-lives of 9.5 years to 9
days, with a mean half-life of 1 year.
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n 70 petroleum hydrocarbon impacted sites

n 25 states; All 10 US EPA Regions

n Site locations ranging from Alaska to Florida

n Depths to ground water ranging from 0 - 48 feet
bgs

n Plume areas ranging from 0.3 - 60 acres

n Average ground water temperatures ranging
from 5 - 27 °°C

n Soil types ranging from silty clay to gravel

n 97 percent of hydrocarbon removal was
attributable to anaerobic processes

n 70 petroleum hydrocarbon impacted sites

n 25 states; All 10 US EPA Regions

n Site locations ranging from Alaska to Florida

n Depths to ground water ranging from 0 - 48 feet
bgs

n Plume areas ranging from 0.3 - 60 acres

n Average ground water temperatures ranging
from 5 - 27 °°C

n Soil types ranging from silty clay to gravel

n 97 percent of hydrocarbon removal was
attributable to anaerobic processes
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(cont)
Results, Results, Results�
(cont)

n 49 of 55 sites have ground water plumes that
pose no future or current threat to receptors
based on current and future ground water use

n 6 of 55 sites have ground water plumes that
discharge to drainage ditches or other surface
water bodies

n Regulatory acceptance of natural attenuation,
alone or in concert with supplemental remedial
systems, has been secured at 24 of 55
petroleum sites managed by AFCEE/ERT

n Regulatory acceptance of natural attenuation
alone has been secured at 2 of 19 chlorinated
sites

n 49 of 55 sites have ground water plumes that
pose no future or current threat to receptors
based on current and future ground water use

n 6 of 55 sites have ground water plumes that
discharge to drainage ditches or other surface
water bodies

n Regulatory acceptance of natural attenuation,
alone or in concert with supplemental remedial
systems, has been secured at 24 of 55
petroleum sites managed by AFCEE/ERT

n Regulatory acceptance of natural attenuation
alone has been secured at 2 of 19 chlorinated
sites
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n Performance evaluation of in situ chemical

and physical remediation processes rely
mainly on before and after measurements

l Selection based on modeling, sales
literature, and professional judgement

n Performance evaluation and selection of
MNA rely on multiple lines of converging
evidence

n Natural (bio)Attenuation can often work on
a larger scale than mechanical systems

n Performance evaluation of in situ chemical
and physical remediation processes rely
mainly on before and after measurements

l Selection based on modeling, sales
literature, and professional judgement

n Performance evaluation and selection of
MNA rely on multiple lines of converging
evidence

n Natural (bio)Attenuation can often work on
a larger scale than mechanical systems
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n Advances in the State of the Sciences of

natural attenuation have been
remarkable

n Advances in the regulatory acceptance
have been unremarkable (Chlorinated)

n Acceptance of MNA requires:

l Good science and judgement;

l A very stalwart, technically astute
advocate

l Brave, progressive regulatory staff

n Advances in the State of the Sciences of
natural attenuation have been
remarkable

n Advances in the regulatory acceptance
have been unremarkable (Chlorinated)

n Acceptance of MNA requires:

l Good science and judgement;

l A very stalwart, technically astute
advocate

l Brave, progressive regulatory staff
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The Process of
Innovation

The Process of
Innovation

n First, an idea is ridiculed and considered
preposterous

l �Natural Attenuation!  They are laughing at you in
California� (AFIRM, 1994)

n Second, an idea is trivialized
l �Yeah, we know fuels naturally attenuate, but what

about chlorinated solvents?�
l �Yeah, we know chlorinated solvents naturally

attenuate under certain conditions, but what about
MTBE, PCBs, and dioxins?�

n Lastly, and idea is claimed as their idea
l �Yeah, I have been doing natural attenuation since

you were in diapers.  I invented it right after I
developed velcro�.�
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MTBE, PCBs, and dioxins?�
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l �Yeah, I have been doing natural attenuation since

you were in diapers.  I invented it right after I
developed velcro�.�



U.S. ENVIRONMENTAL PROTECTION AGENCY

TITLE:
Monitored Natural Attenuation � U.S. EPA Policy

AUTHOR:
Kay Wischkaemper � U.S. EPA � Region 4, Atlanta, GA

ABSTRACT
Monitored Natural Attenuation (MNA) is a remedial alternative for groundwater at many hazardous waste
sites across the country.  U.S. EPA has written Directive 9200.4-17, Use of Monitored Natural Attenuation
at Superfund, RCRA Corrective Action, and Underground Storage Tank Sites.  The Directive presents the
Regulatory framework for the implementation of MNA at sites with contaminated groundwater.  This
presentation is an effort to capsule the Directive and present the basis for productive implementation of the
remedy, where appropriate.
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EPA Definition of MNA

�...reliance on natural attenuation processes (within the

context of a carefully controlled and monitored site

cleanup approach) to achieve site-specific remediation

objectives within a time frame that is reasonable

compared to that offered by more active methods.�



Natural Attenuation Processes

! �...physical, chemical, or biological processes

that, under favorable conditions, act without

human intervention to reduce the mass, toxicity,

mobility, volume, or concentration of

contaminants in soil or ground water.�

! �... includes biodegradation; dispersion; dilution;

sorption; volatilization; radioactive decay; and

chemical or biological stabilization,

transformation, or destruction of contaminants.�



Natural Attenuation Processes (cont�d)

�EPA prefers those processes that degrade contaminants and expects
   that MNA will be most appropriate where plumes are stable

�Some processes have undesirable results, such as:

�Creation of toxic daughter products, or

�Transfer of contaminants to other media.



Background on Directive

Final Policy Directive: �Use of Monitored Natural
Attenuation at Superfund, RCRA Corrective Action,
and Underground Storage Tank Sites,� Directive
9200.4-17P, April 21, 1999. 

! Clarifies EPA�s position on use of monitored
natural attenuation (MNA) for remediating
contaminated sites.

! Not intended to be a detailed technical guidance.

! Does not deal with legal or administrative issues
(e.g., lender liability, property transfer, NPL
deletion).

Final Policy Directive: �Use of Monitored Natural
Attenuation at Superfund, RCRA Corrective Action,



How To Obtain Directive

! Superfund Web Page:

www.epa.gov/superfund/resources/gwdocs/monit.htm

! Office of Underground Storage Tanks Web Page:
www.epa.gov/swerust1/directiv/d9200417.htm

! National Technical Information Service (NTIS): Call
(703) 487-4650.  Document No. PB 99 963 315.

< NTIS will charge a fee for the document.



Role of MNA in OSWER Programs

! ALL remedies must protect human health and
the environment.

! NOT a �walk away� or �do nothing� option.

! NOT a default or presumptive remedy.

! USE existing remedy selection framework for
applicable cleanup program.



Sites Where MNA May Be Appropriate

! Where remedial objectives can be achieved within
a time frame that is reasonable compared to other
methods.

! Where plumes are no longer increasing in extent,
or are shrinking.

! When used in conjunction with active remediation
measures (e.g., source control, P&T of hot spots)
or as follow-up to such measures.

! Should NOT be used where plume migration or
impacts to receptors would be unacceptable to
the overseeing regulatory authority.



Demonstrating the Efficacy of MNA

! Three types of site-specific information:  

1 Historical ground water and/or soil chemistry data
demonstrates trend of declining 
concentration/mass

2 Hydrogeologic and/or geochemical data
demonstrates NA processes and rates.

3 Field or microcosm studies.

! Unless #1 is of sufficient quality and duration, #2
should be provided.  The recently published National
Research Council Report feels very strongly that #1 
should never be the sole basis for selecting an MNA
Remedy



D em o n s tratin g  t h e  E f fic a c y  o f  M N A  (C o n t�d )

!  A  C o n c e p t u a l  s i t e  m o d e l  sh o u ld  b e  u s e d  t o
in tegra te  d a t a  a n d  g u id e  rem e d y  d e c isio n s .

Dissolved
plume

Dissolved plume

Cemented sandstoneCemented sandstone

Marsh mud

Sandy clay

Regional confining unit

sand

sand

sand



! Estimated rates of attenuation should include level of
confidence.

! Effect of other remedial activities on MNA processes
should be considered.

Demonstrating the Efficacy of MNA
(Cont�d)

Demonstrating the Efficacy of MNA
(Cont�d)



Reasonable Time Frame

! Site-specific determination.

! Developed from an analysis of alternatives  --from most
aggressive to least aggressive methods for attaining same
cleanup objectives.

<< Time frame for MNA should generally be �comparable� to
that required by active methods.



< If time required to restore ground water is
excessive, even with aggressive methods,
this may indicate technical impracticability.

! Where restoration is practicable using active
methods, the longer time required by MNA may
still be reasonable.

Reasonable Time Frame (Cont�d)



Reasonable Time Frame (Cont�d)

! Estimates of cleanup time frame are usually
based on attenuation rates.

! Attenuation rates should include statistical
confidence intervals.

! Experience indicates that at least one order of
magnitude decrease in contaminant
concentrations is needed to estimate rate of
attenuation.



Remediation of Sources

! EPA expects that source control measures will be
evaluated for all sites and implemented at most
sites where practicable.

! Measures include removal, treatment or
containment of sources.



Remediation of Sources (CONT.)

! EPA prefers treatment of source materials that
constitute �principal threat wastes� and removal
of free-phase NAPLs.

! Appropriate source control actions are high
priority and should be implemented sooner rather
than later (�phased approach�).

Remediation of Sources (CONT.)



Performance Monitoring

! Needed to gauge remedy effectiveness and
ensure protection of human health and the
environment.

! Should be adequate to demonstrate that MNA is
occurring as expected, determine change in
attenuation rates over time, detect plume
migration, detect changes in site conditions, etc.

! Frequency can be decreased over time, as
appropriate.

! Should continue until remediation objectives have
been achieved, and longer as needed to verify site
no longer poses a threat.



Contingency Remedies

! A cleanup technology or approach that will
function as a �backup� in event that MNA fails to
perform as anticipated.

! Uncertainty regarding ability to achieve remedial
objectives is generally greater for MNA than for
active remedies.

! �Triggers� should be established to indicate
when contingency measures should be
implemented.

! Contingency measures should be included when
MNA is selected based primarily on predictive
analysis.



Field Parameters

G Purge parameters: pH, temperature, conductivity, turbidity

G Oxidation-reduction potential

G Dissolved Oxygen

G Iron (II)

G Methane, oxygen, carbon dioxide in soil gas

G VOCs screening, to include cis/trans breakout for 1,2-

Dichloroethene

G Dissolved Hydrogen (method in development)

Parameters of Interest for Natural Attenuation
Based on Draft Region 4 Guidance



Laboratory Parameters

G VOCs in water and soil, including current non-TCL
methods/parameters

* RCRA-compliant (�new�) Soil VOA sampling and analysis
(option of new SOW)

* 1,2-Dichloroethene reported as cis and trans 
(on new TCL)

* Methyl tert-butyl ether (MTBE) (on new TCL)
* Freon 113 (on new TCL)
* Trimethylbenzene isomers
* 1,4-dioxane (method in development) 

G Methane (in water)
G Ethane, Ethene (in water) - for chlorinated solvents sites only
G Propane, Propene (method in development)
G Cations: Manganese, Arsenic

Parameters of Interest for Natural Attenuation
Based on Draft Region 4 Guidance

(Cont�d)



Laboratory Parameters (cont�d)

G TOC in Soil (Athens still gearing up - may require
outside vendor)

G TOC in Water
G DOC in Water - filter in field with 0.45 micron filter

before preserving
G Nitrate - holding time very short; ship on day of

collection
G Sulfate 
G Chloride
G Carbonate and Bicarbonate
G Ammonia
G Iron (III) in Soil (method in development)

If method is in development, contact Sample Control for
update and assistance well in advance of sampling
event..  

Parameters of Interest for Natural
Attenuation

Based on Draft Region 4 Guidance



Summary

! MNA is NOT a �no action,� �default� or
�presumptive� remedy.

! Should NOT result  in plume migration or impacts
to receptors  that  would be  unacceptable  to  the
overseeing  regulatory  authority.

! Selection  of  MNA  should be based on  thorough
site  characterization  and  comparison  with 
other  cleanup  methods.

! Should  generally  be  used  with  other
remediation  measures  (e.g., source control, P&T
of  hot spots) or  as  follow-up  to  such
measures.



Summary (Cont�d)

! Remedy progress should be carefully monitored.

! Contingency measures should be included when
selection of MNA was based mostly on predictive
analysis.

! A remedy is NOT completed until cleanup
objectives have been met.



http://www.epa.gov/ORD/WebPubs/monitor/

Helpful WebPages

http://www.sandia.gov/eesector/gs/gc/na/mnahome.html

http://www.epa.gov/region4/waste/oftecser/protoexp.pdf

ftp://ftp.epa.gov/pub/ada/reports/protocol.pdf

http://www.nap.edu/openbook/030969327/



U.S. DEPARTMENT OF ENERGY

TITLE:
The Role of Monitored Natural Attenuation in Groundwater Remediation:

An Analysis of Complex-Wide Cleanup Strategies.

AUTHOR:
Steve Golian

ABSTRACT
The Department of Energy recently completed a general survey of ground water problems being
addressed across the complex and the associated response strategies being considered to address those
problems.  This presentation will summarize the results of that survey including the scope of conditions in
which monitored natural attenuation is being relied on as the sole remedy or in conjunction with more
active measures.   In addition, the importance of "packaging" MNA proposals to stakeholders and key
technical considerations during implementation will be discussed.
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BECHTEL SAVANNAH RIVER, INC.

TITLE:
Implementing Monitored Natural Attenuation (MNA): Examples

from the Savannah River Site

AUTHOR:
Robert S. Van Pelt, Ph.D.

Environmental Restoration Engineering
Bechtel Savannah River Inc.

ABSTRACT:
Monitored Natural Attenuation (MNA) is rapidly becoming an accepted component of
groundwater clean up efforts.  At the Savannah River Site, efforts are underway to integrate
MNA into groundwater remediation strategies through consensus building with state and federal
regulators.  In past years, Mixing Zone (MZ) applications, based on guidance from the South
Carolina Department of Health and Environmental Control (SCDHEC), have been utilized to
allow natural attenuation factors (i.e., dispersion, diffusion, decay, and biodegradation) to reduce
contaminant concentrations to within acceptable limits. Our approach includes coupling MZ
guidance with MNA through DOE teaming with independent experts and state and federal
regulators. The presentation will provide a summary of progress on MNA implementation at the
SRS, including technical approaches being developed to consider attenuation factors.
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SRS ImplementingImplementing MNA MNA at SRS at SRSImplementingImplementing MNA MNA at SRS at SRS

� Gaining Acceptance of MNA
�MNA Directive & Mixing Zone (MZ)
�SRS MNA Framework/Decision Rule Process

� Implementation of MNA at SRS
�Waste-Site Examples

� Look Ahead: Technical/Regulatory Needs
�Mechanisms/Rates of MNA; Cost-Effective

Monitoring Approach
�Shut Down of Active Systems/Discontinue

MNA Monitoring

� Gaining Acceptance of MNA
�MNA Directive & Mixing Zone (MZ)
�SRS MNA Framework/Decision Rule Process

� Implementation of MNA at SRS
�Waste-Site Examples

� Look Ahead: Technical/Regulatory Needs
�Mechanisms/Rates of MNA; Cost-Effective

Monitoring Approach
�Shut Down of Active Systems/Discontinue

MNA Monitoring



SRS Anatomy of a Contaminated SiteAnatomy of a Contaminated SiteAnatomy of a Contaminated SiteAnatomy of a Contaminated Site

Source ZoneSource Zone
Characteristics:

High concentrations

Significantly perturbed
geochemistry

Approaches:

Destruction or
stabilization in place

Heat/steam

Chemical oxidation or
reduction

Immobilization

Primary Groundwater /
Vadose Zone Plume
Primary Groundwater /
Vadose Zone Plume

Characteristics:

Moderate to high

aqueous/vapor phase

concentrations

Approaches:

Soil Vapor Extraction

Ex/In-situ groundwater treatment
wells

Enhanced bioremediation

Dilute Plume / FringeDilute Plume / Fringe

Characteristics:

Low aqueous/vapor
phase concentrations

Large water volume

Characteristics:

Low aqueous/vapor
phase concentrations

Large water volume

Approaches:

Monitored natural
attenuation

Mixing zones

Phytoremediation

Approaches:

Monitored natural
attenuation

Mixing zones

Phytoremediation
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Potential Mixing Zone scenarioPotential Mixing Zone scenario

(Plume discharging to onsite stream)(Plume discharging to onsite stream)
Potential Mixing Zone scenarioPotential Mixing Zone scenario

(Plume discharging to onsite stream)(Plume discharging to onsite stream)



SRS SRS Approach to SRS Approach to MNAMNASRS Approach to SRS Approach to MNAMNA

� Develop Approach to MNA with
Independent Experts and Regulators
� Framework - How MNA Works

�  One-day Workshop

� Decision Rules- MNA Process Flow Chart

� Protocols - Data Required & How to
Obtain

� Select Waste Sites to Pilot MNA
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� Framework - How MNA Works
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� Decision Rules- MNA Process Flow Chart

� Protocols - Data Required & How to
Obtain

� Select Waste Sites to Pilot MNA
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Monitored Natural AttenuationMonitored Natural Attenuation

Process Flow ChartProcess Flow Chart
Monitored Natural AttenuationMonitored Natural Attenuation

Process Flow ChartProcess Flow Chart

Aquifer Characteristics
Measure hydrologic, chemical, biological, and physical parameters needed to determine
rates/directions of groundwater flow and physical, chemical, and biological NA processes including:
   1.  Aquifer hydraulic conductivity, gradients, porosity
   2.  Oxygen/hydrogen/nitrate/iron ll/sulfate/C02/pH/TOC levels

Identify Contaminant Source Areas
Characterize contaminant source area(s) including:

  1.  Presence/absence of NAPL

  2. Concentration/mass of contaminants in vadose zone.

  3. Area/volume of contaminated aquifer sediments.

Define Contaminant Plume
Characterize extent and concentrations of contaminants emanating from

source areas.

Evaluation of Data
Identify all applicable NA processes

Post Characterization Scoping Meeting

Is additional data required?   Select groundwater model
(Decision Point 1)

Prepare/Submit ACL/MZ; initiate
verification of ACL/MZ  using
performance monitoring

No

No

MNA Modeling
 (Evaluate Natural Attenuation Capacity)

Are contaminants predicted to reach receptors
greater than MCLs or risk levels?
(Decision Point 2)

Implement Engineered Remedy

Initiate verification of MNA using
performance monitoring

Yes

Yes

Prepare/
Submit

Remedial Strategy

Evaluate use of Engineered
Remedy along with Monitored
Natural Attenuation

Collect
additional

data

MNA Modeling
 (Evaluate Natural Attenuation Capacity)

Are contaminants predicted to reach receptors
greater than MCLs or risk levels?

(Decision Point 2)
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Aquifer Characteristics
Measure hydrologic, chemical, biological, and physical
parameters needed to determine rates/directions of
groundwater flow and physical, chemical, and
biological NA processes including:

   1.  Aquifer hydraulic conductivity, gradients, porosity
   2.  Oxygen/hydrogen/nitrate/iron ll/sulfate/C02/pH/TOC

      levels

Identify Contaminant Source Areas

Characterize contaminant source area(s) including:

  1.  Presence/absence of NAPL

  2. Concentration/mass of contaminants in vadose zone.

  3. Area/volume of contaminated aquifer sediments.

Define Contaminant Plume

Characterize extent and concentrations of

contaminants emanating from source areas.

Evaluation of Data
Identify all applicable NA processes

Monitored Natural AttenuationMonitored Natural Attenuation
Process Flow ChartProcess Flow Chart

Monitored Natural AttenuationMonitored Natural Attenuation
Process Flow ChartProcess Flow Chart
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SCDHEC Groundwater Mixing
Zone Guidance

+

SCDHEC Groundwater Mixing
Zone Guidance

+

EPA MNA DirectiveEPA MNA Directive
=

SRS Process for Implementation
of MNA

=
SRS Process for Implementation
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� Incorporated MNA into project specific
plans (3 approved, 6 submitted)

�D-Area Oil Seepage Basin

�Old F Seepage Basin

�C-Area Burning/Rubble Pit

� Potential use for remaining waste sites

�A/M Area (Southern Sector)

� Incorporated MNA into project specific
plans (3 approved, 6 submitted)

�D-Area Oil Seepage Basin

�Old F Seepage Basin

�C-Area Burning/Rubble Pit

� Potential use for remaining waste sites

�A/M Area (Southern Sector)
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D-Area Oil Seepage BasinD-Area Oil Seepage Basin

Groundwater Remedial ActionGroundwater Remedial Action
D-Area Oil Seepage BasinD-Area Oil Seepage Basin

Groundwater Remedial ActionGroundwater Remedial Action

� Groundwater MZ

�Plume Wells
� Intermediate Zone Wells
�Compliance Boundary Wells

� Quarterly Monitoring
�Develop Groundwater Baseline
�Monitoring Reduction

� Contingency Plan

�Air Sparging

� Groundwater MZ

�Plume Wells
� Intermediate Zone Wells
�Compliance Boundary Wells

� Quarterly Monitoring
�Develop Groundwater Baseline
�Monitoring Reduction

� Contingency Plan

�Air Sparging
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D-Area Oil Seepage Basin D-Area Oil Seepage Basin OUOU::

 Approved Groundwater Mixing Zone with Approved Groundwater Mixing Zone with
Monitoring Well Locations for Monitoring Well Locations for TCETCE
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Look Ahead:Look Ahead:

MNAMNA Technical/Regulatory Needs Technical/Regulatory Needs
Look Ahead:Look Ahead:

MNAMNA Technical/Regulatory Needs Technical/Regulatory Needs

Technical:
� Uncertainty in mechanisms/rates of MNA

� Cost effective characterization/screening and
monitoring approach

Regulatory:
� Uncertainty in MNA process

� When can you shut down active remediation systems?
discontinue MNA monitoring?

� Will the public accept MNA as a treatment approach?

Technical:
� Uncertainty in mechanisms/rates of MNA

� Cost effective characterization/screening and
monitoring approach

Regulatory:
� Uncertainty in MNA process

� When can you shut down active remediation systems?
discontinue MNA monitoring?

� Will the public accept MNA as a treatment approach?



                                      U.S. EPA Technology Innovation Office

TITLE:
Pump and Treat Optimization

AUTHOR:
Kathleen M. Yager

ABSTRACT
Recent studies completed by the U.S. Environmental Protection Agency indicate that
there are nearly 700 pump and treat (P&T) systems selected for, under construction or
operating at Superfund sites across the country.  Many of these systems are not operating
as designed, have unachievable or undefined goals, and have not been optimized since
installation.  To address these concerns, EPA, the U.S. Army Corps of Engineers, and
several other Federal agencies have been working to identify and evaluate tools for
optimizing P&T systems.  Tools including mathematical optimization algorithms,
geostatistical models, and comprehensive system audits have shown promising results for
significantly improving the performance and often reducing operation and maintenance
costs of  P&T systems.  EPA will discuss results of several optimization efforts and the
challenges to implementing optimization recommendations.













MITRETEK SYSTEMS

TITLE:
Remedial Process Optimization in the Air Force

AUTHOR:
Marc D. Gill

ABSTRACT
The Air Force has implemented a program of Remedial Process Optimization (RPO) at Air Force
and Department of Defense installations.  The program is a systematic, three-phase approach for
evaluating and improving site remediation processes so that maximum risk reduction is achieved
for each dollar spent.  The screening phase identifies opportunities for optimization, which are
developed and quantified in the second phase, and implemented in the third. The program looks
at optimizing the remediation system and how the cleanup will be completed, and also reviews
why certain cleanup goals have been established and update those decisions based on new
regulatory options.  The Air Force has also developed guidance documents and tools, which are
available to support this initiative.



   REMEDIAL 
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OPTIMIZATION

   REMEDIAL    REMEDIAL 
PROCESSPROCESS

OPTIMIZATIONOPTIMIZATION Presented byPresented by

Dr. Marc GillDr. Marc Gill
Mitretek Mitretek SystemsSystems  

Air Force Center for Environmental ExcellenceAir Force Center for Environmental Excellence
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OverviewOverview

n AF Cleanup Status & Process

n What is RPO?

n Who is developing RPO?

n Application of RPO

n RPO products

n Future work
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Cleanup over time
Active AF Sites

Cleanup over time
Active AF Sites

FY 2001 President�s Budget IRP Program AF ERA Restoration Budget w/o Mgmt & Support CostsFY 2001 President�s Budget IRP Program AF ERA Restoration Budget w/o Mgmt & Support Costs
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Cleanup over time
BRAC AF Sites

Cleanup over time
BRAC AF Sites
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Cleanup ProcessCleanup Process

Linear Approach:Linear Approach:

        PA         PA ⇒⇒⇒⇒ SI SI ⇒⇒⇒⇒ RI RI ⇒⇒⇒⇒ FS FS ⇒⇒⇒⇒ RD RD ⇒⇒⇒⇒ RA RA ⇒⇒⇒⇒ LTM LTM ⇒⇒⇒⇒ ClosureClosure
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Cleanup ProcessCleanup Process
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     PA/SI

Close Out

NewNew
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ProceduresProcedures

1. RI  &  CSM1. RI  &  CSM
2.2.++  RA-O, LTM  RA-O, LTM

New Science &New Science &
AssessmentAssessment

MethodsMethods

1. Risk, FS1. Risk, FS
2.2.++ OPS, Met Goals? OPS, Met Goals?

NewNew
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TechnologyTechnology
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2. New RA2. New RA

UpdateUpdate
Technology,Technology,
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2.2.++ Optimize Optimize
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Remedial Process
Optimization   (RPO)
Remedial Process

Optimization   (RPO)

Verify effectiveness, then consider efficiencyVerify effectiveness, then consider efficiencyVerify effectiveness, then consider efficiency

nn Systematic Planning - An iterative Systematic Planning - An iterative evaleval--
uationuation to provide technical feedback and to provide technical feedback and
update the decision process to promote:update the decision process to promote:

uuEffectiveness:Effectiveness:
ttEnsure goals are developed, updated,Ensure goals are developed, updated,

and metand met

uuEfficiency:Efficiency:
ttOptimize remediation and monitoringOptimize remediation and monitoring
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RPO ChartRPO Chart
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RPO Component StrategiesRPO Component StrategiesRPO Component Strategies

�Evaluate the accuracy of the CSM,
and the appropriateness of clean-up
goals and DQOs

�Assess the potential for the remedial
design and/or remedial action to
meet clean-up goals

�Document decision rules to meet
contingencies related to clean-up
goals, technology selection, well
abandonment, and performance
evaluation

�Evaluate the accuracy of the CSM,
and the appropriateness of clean-up
goals and DQOs

�Assess the potential for the remedial
design and/or remedial action to
meet clean-up goals

�Document decision rules to meet
contingencies related to clean-up
goals, technology selection, well
abandonment, and performance
evaluation
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RPO Component StrategiesRPO Component StrategiesRPO Component Strategies

�Optimize performance monitoring of
Remedial Action Operations (RA-O)
and/or Long Term monitoring (LTM)

�Verify that field and analytical
procedures meet the DQOs

�Streamline and standardize data
management

�Optimize performance monitoring of
Remedial Action Operations (RA-O)
and/or Long Term monitoring (LTM)

�Verify that field and analytical
procedures meet the DQOs

�Streamline and standardize data
management
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Benefits of RPOBenefits of RPO

RPO
Benefits 

Collect Appropriate 
Data to Evaluate

Remediation Progress

Ensure Protectiveness 
of Human Health and 

the Environment

Reduce O&M
Costs

Establish Appropriate
Cleanup Goals

Accelerate
Site Transfer or Closure

RISK PROTECTIVE  - COST EFFECTIVE  -  SITE CLOSEOUTRISK PROTECTIVE  - COST EFFECTIVE  -  SITE CLOSEOUT
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Emphasis is on
Effective Cleanup

Emphasis is on
Effective Cleanup

Better remediation, more protective of
Human Health and the Environment

Faster remediation resulting in quicker
site closure

Cheaper operation to maximize the
cleanup results for each dollar spent

Better remediation, more protective of
Human Health and the Environment

Faster remediation resulting in quicker
site closure

Cheaper operation to maximize the
cleanup results for each dollar spent



13AFCEE  /ER TEC 2000 / Gill / June 2000

RPO Workgroup MakeupRPO Workgroup Makeup

Cooperative Participation of Agencies Does
Not Necessarily Indicate Agency Approval

nEPA:   FFRRO, QAD, OSW,  TIO

nArmy:   USACE, AEC

nNavy:   NFESC

nAir Force: AFCEE, ILEV, AFBCA

nDefense Logistics Agency

nUSGS

nEPA:   FFRRO, QAD, OSW,  TIO

nArmy:   USACE, AEC

nNavy:   NFESC

nAir Force: AFCEE, ILEV, AFBCA

nDefense Logistics Agency

nUSGS
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Application of RPOApplication of RPO

Phase I - RPO Screening Visits

Phase II - RPO Evaluation Study

Phase III - Implementation

Phase I - RPO Screening Visits

Phase II - RPO Evaluation Study

Phase III - Implementation
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RPO Scoping Visit
(RSV)

RPO Scoping Visit
(RSV)

n Basewide review to identify RPO opportunities
l Process: review documents and interview personnel

n Focus on sites with on-going Remedial Action
operation, maintenance, or monitoring

n Identifies opportunities to implement the RPO
strategies

n RPO Scoping Visit Product:  RPO Scoping
Report

nn Basewide review to identify RPO opportunitiesBasewide review to identify RPO opportunities
ll Process: review documents and interview personnelProcess: review documents and interview personnel

nn Focus on sites with on-going Remedial ActionFocus on sites with on-going Remedial Action
operation, maintenance, or monitoringoperation, maintenance, or monitoring

nn Identifies opportunities to implement the RPOIdentifies opportunities to implement the RPO
strategiesstrategies

nn RPO Scoping Visit Product:  RPO ScopingRPO Scoping Visit Product:  RPO Scoping
ReportReport
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The RSV TeamThe RSV Team

Select a team of 4 to 6 people from
the following disciplines:

n Environmental Engineers

n Chemists

n Hydrogeologists / Geologists

n Risk Assessors

n Regulatory Specialists

Select a team of 4 to 6 people from
the following disciplines:

n Environmental Engineers

n Chemists

n Hydrogeologists / Geologists

n Risk Assessors

n Regulatory Specialists
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A Cooperative EffortA Cooperative Effort

  The RSV Team must communicate
the purpose of RPO and what the
RSV is and is not:

nRSV Team is there to help look for
improvement opportunities

nThe RSV is not an audit and is not
there to find fault

  The RSV Team must communicate
the purpose of RPO and what the
RSV is and is not:

nRSV Team is there to help look for
improvement opportunities

nThe RSV is not an audit and is not
there to find fault
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Where are the RPO
Opportunities?

Where are the RPO
Opportunities?

  Conditions may have changed since
the ROD was signed:

n The Remedial Systems have been in
operation and providing additional data
about the site

n New remediation technologies may be
available that could improve the cleanup

n The regulations may have change in the
interim

  Conditions may have changed since
the ROD was signed:

n The Remedial Systems have been in
operation and providing additional data
about the site

n New remediation technologies may be
available that could improve the cleanup

n The regulations may have change in the
interim
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DoD Installations
Receiving RPO Evaluation

DoD Installations
Receiving RPO Evaluation

Air Force Installations

n McClellan AFB

n Kelly AFB

n Tinker AFB

n Hill AFB

n 4 AFMC Bases

n 2 AFBCA Bases

Air Force Installations

n McClellan AFB

n Kelly AFB

n Tinker AFB

n Hill AFB

n 4 AFMC Bases

n 2 AFBCA Bases

    DLA Installations

n Defense Depot Hill

n Defense Depot Sharpe

n Defense Depot Tracy

n Defense Depot
Memphis

n Defense Depot
Richmond

    DLA Installations

n Defense Depot Hill

n Defense Depot Sharpe

n Defense Depot Tracy

n Defense Depot
Memphis

n Defense Depot
Richmond
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RPO ProductsRPO Products

nGuidance

lRemedial Process Optimization
Handbook (AFCEE)

lRPO Field Procedures and Quality
Assurance Handbook (AFCEE)

lTechnology Review Checklists
(USACE)

nGuidance

lRemedial Process Optimization
Handbook (AFCEE)

lRPO Field Procedures and Quality
Assurance Handbook (AFCEE)

lTechnology Review Checklists
(USACE)

http://www.hqafcee.brooks.af.mil
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RPO Products (cont.)RPO Products (cont.)

nTools -  Development and Evaluation

lDiffusion Samplers (USGS)

lRemote Sensors   (various agencies)

lPerformance Evaluation Tool (AFCEE)

lMonitoring Decision Support System
(AFCEE)

nTools -  Development and Evaluation

lDiffusion Samplers (USGS)

lRemote Sensors   (various agencies)

lPerformance Evaluation Tool (AFCEE)

lMonitoring Decision Support System
(AFCEE)

http://www.hqafcee.brooks.af.mil
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Monitoring Decision
Support System

Monitoring Decision
Support System

n Categorize Plume by Stability, Chemistry,
Hydrogeology

l Benefits:  Standardized Framework for LTMPs

n Based on 3 lines of evidence:
l First LOE:  Statistical Methods

l Second LOE:  Simple Models

l Third LOE:  Empirical Rules from Plume-a-
thon Studies

nn Categorize Plume by Stability, Chemistry,Categorize Plume by Stability, Chemistry,
HydrogeologyHydrogeology

ll Benefits:  Standardized Framework for LTMPsBenefits:  Standardized Framework for LTMPs

nn Based on 3 lines of evidence:Based on 3 lines of evidence:
ll First LOE:  Statistical MethodsFirst LOE:  Statistical Methods

ll Second LOE:  Simple ModelsSecond LOE:  Simple Models

ll Third LOE:  Empirical Rules from Plume-a-Third LOE:  Empirical Rules from Plume-a-
thon Studiesthon Studies
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Interpretation of Mann-Kendall Tests
for Plume Stability   (Source:  GSI, 1998)

1st Level of Evidence

Interpretation of Mann-Kendall Tests
for Plume Stability   (Source:  GSI, 1998)

1st Level of Evidence

         M-K
 Statistic

(S)

Confidence
Factor

(CF)

Coefficient
of Variation

(COV)

MK > 1

CF > 90% CF < 90%

COV < 1 COV > 1

Decreasing
Trend

Increasing
Trend

Strong
Trend

Weak
Trend

Stable
Trend

Fluctuating
Trend

MK < 1
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Simple Models
Second Level Of Evidence

Simple Models
Second Level Of Evidence

nn Petroleum Hydrocarbon
Sites � BTEX

nn Biodegradation:

nn Petroleum Hydrocarbon
Sites � BTEX

nn Biodegradation:

BIOSCREENBIOSCREEN BIOCHLORBIOCHLOR

nn Solvent Sites
nn More Complex

Biodegradation:

nn Solvent Sites
nn More Complex

Biodegradation:

www.gsi-net.comwww.epa.gov/ada/kerrlab.html

-  1st Order Decay or
-  Electron Acceptors
-  1st Order Decay or
-  Electron Acceptors

- Sequential Reactions
-  Different Zones
- Sequential Reactions
-  Different Zones
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Empirical Evidence
Third Level of Evidence

Empirical Evidence
Third Level of Evidence

40 %
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Percent of
Plumes in
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Increasing Plume LengthPlume Length
      (ft)
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1.9 %

SUMMARY POINT:

Most Gas Station
BTEX Plumes Are
Under 200 ft Long.

(Newell and
Connor, 1998)

35 %
37 %
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200- 300
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600- 700
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Diffusion SamplersDiffusion Samplers

n How does it work?
l VOCs diffuse through a membrane into a

water- or vapor-phase within the sampler.

n Preliminary results are highly compatible to
traditional sampling methods

l McClellan AFB results were accepted so well
that the base is conducting a more extensive
study

n Benefits:
l No sampling waste
l No well purging

n How does it work?
l VOCs diffuse through a membrane into a

water- or vapor-phase within the sampler.

n Preliminary results are highly compatible to
traditional sampling methods

l McClellan AFB results were accepted so well
that the base is conducting a more extensive
study

n Benefits:
l No sampling waste
l No well purging
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Remote SensorsRemote Sensors

n Technologies Being Evaluated
l SAWTEK (FL) Surface Acoustic Wave
l Ocean Optics - Optical fiber fed to spectrophotometer
l General Atomics, E-SMART - MOS

l Dept. of Energy (Direct Sampling Ion Trap Mass
Spectrometry {DSITMS})

n Expected Benefits:
l Real Time Analytical Results for Process Control

l Down-Hole Analysis
l Reduction in LTM Costs

n Technologies Being Evaluated
l SAWTEK (FL) Surface Acoustic Wave
l Ocean Optics - Optical fiber fed to spectrophotometer
l General Atomics, E-SMART - MOS

l Dept. of Energy (Direct Sampling Ion Trap Mass
Spectrometry {DSITMS})

n Expected Benefits:
l Real Time Analytical Results for Process Control

l Down-Hole Analysis
l Reduction in LTM Costs



28AFCEE  /ER TEC 2000 / Gill / June 2000

FY00 Scheduled ActivitiesFY00 Scheduled Activities

n Conduct 10 RPO Scoping Visits (RSVs)

n Follow up the RSVs with a minimum of 7
RPO Phase II detailed  evaluations

n Continue 5 RPO Phase IIs initiated in 99

n Update the RPO Handbook Based on
Input from Users

n Conduct RPO training

n Conduct 10 RPO Scoping Visits (RSVs)

n Follow up the RSVs with a minimum of 7
RPO Phase II detailed  evaluations

n Continue 5 RPO Phase IIs initiated in 99

n Update the RPO Handbook Based on
Input from Users

n Conduct RPO training



1 Department of Civil & Environmental Engineering, University of Massachusetts, Amherst, MA
2 ENVIRON International Corporation, Princeton, NJ 08540
3 College of Engineering and Mathematics, University of Vermont, Burlington,Vermont 05405

TITLE:
Design of an Optimal Extraction-Treatment-Recharge System- A Practical Example

AUTHORS:
David P. Ahlfeld1, Roger H. Page2, George F. Pinder3

And Mohammad F. N. Mohsen2

ABSTRACT
Hydraulic gradient control optimization was successfully employed in the conceptual design of 2.7 mgd
44 well system for extracting, treating and re-infiltrating ground water for a heavily contaminated
Superfund site in Coastal New Jersey. A linear programing code was utilized to determine the locations
and pumping rates of extraction wells and location of recharge areas to minimize the total pumpage
satisfying a large set of constraints. The optimizer utilized a response matrix from an existing
MODFLOW model containing 36,000 cells. The development of the final design epitomized a
sophisticated management practice in which all of the stakeholders- the site owner, citizens and regulators
provided their constraints and discussed the corresponding optimum solution in a series of meetings. For
overly severe constraints the optimizer indicated no feasible solution and the stakeholders negotiated a
less stringent set of constraints. The designed system has been in operation since 1996.

This real-life example will provide details of the constraints and their outcomes. Methods of verifying the
satisfaction of the constraints by particle tracking will also be discussed.
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Design of an Optimal
Extraction-Treatment-
Re-infiltration System

- A Practical Example
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Design of an Optimal Extraction-Treatment-
Re-infiltration System - A Practical Example

� Technical Details

� The Optimizer : A
sophisticated management
tool
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� The Problem Statement

� Existing ROD required
extraction, treatment and
discharge into stream

� Stringent NJ surface water
discharge criteria for TDS

� Discharge into stream
unacceptable to citizens

� TDS removal requires a
treatment system of
incremental present value
cost of at least $100,000,000

Design of an Optimal Extraction-Treatment-
Re-infiltration System - A Practical Example
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The challenge:

� Redesign for 100% on-site re-
infiltration
� Feasible?

� Contain plume horizontally and
vertically

� re-infiltration of treated water
must not cross property
boundary

Design of an Optimal Extraction-Treatment-
Re-infiltration System - A Practical Example
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� The Management problem
� Many stakeholders: Owner,

Federal, State, County and
township officials, Citizens,
Homeowners

� physical and sociopolitical
constraints

Design of an Optimal Extraction-Treatment-
Re-infiltration System - A Practical Example
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� Chronology of events
� In response to a citizen�s

proposal on Aug 8, 1991,
Prof. Pinder was requested
to assemble a technical team
to evaluate 100% Re-
infiltration option

� On Sep 12, 1991, the owners
authorized the use the
optimizer with an existing
MODFLOW model for the
site

Design of an Optimal Extraction-Treatment-
Re-infiltration System - A Practical Example
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� Chronology (Contd.)
� Nov 26, 1991, initial design

� Technical Mtg. 1 (Dec 6, 1991)

� Public Mtg. 2 (Jan 23, 1992)

� Technical Mtg. 3  (Mar18, 1992)

� Public Mtg. 4 (Apr 7, 1992)
� Least cost feasible solution

� Report to EPA  (June 1, 1992)
� Modified final design

Design of an Optimal Extraction-Treatment-
Re-infiltration System - A Practical Example
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Heads in First Sand, Simulation of No
Remedial Pumping - Contour Interval is 1m
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Zones of Upward Flow Across
Second Silty Unit, Simulation of No

Remedial Pumping
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Location of Horizon Constraint Pairs
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Capture Zone Produced in First Sand
when Gradients are set at .0011
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Capture Zone Produced in First Sand
when Gradients are set at .0015
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Optimal Extraction and Recharge Locations
and Rates from the Conceptual Design Model
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Zone of capture (circles) and zone to receive
treated water (dots) First Sand Unit,

Optimal Pumping
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� Optimizer: a management
tool
� The original problem- over

constrained--No solution

� After discussion, the
stakeholders relaxed the
following constraints
� Minimize (was Excludewas Exclude) Re-

infiltration above areas of low
contaminants

� Minimize (was Excludewas Exclude)
extraction wells in the
residential area

� Solution found under relaxed
constraints

Design of an Optimal Extraction-Treatment-
Re-infiltration System - A Practical Example



ITRC Panel (June 7, 2000 � Wednesday, 1:00 � 2:30 p.m.)
Moderator: John Lehr - DOE Environmental Management 50 - Acting Associate Deputy
Assistant Secretary � Office of Science and Technology (Gerald Boyd's Deputy). 

- Introduction and brief comments (5-10 min)

Panelists:
Mary Yelken (15 min.)
• ITRC Circuit Rider - Western Governors' Association
• Title: ITRC Making A Nationwide Impact
• This presentation will provide an overview of the ITRC work group and the products as

services available to assist DOE, DoD and others in the environmental community with
the deployment of innovative environmental technologies.  ITRC technical team focus
areas, training opportunities and successes stories will be highlighted.

 
 George Nicholas (15 min.)
• ITRC Diffusion Samplers Team Leader - New Jersey Department of Environmental

Protection
• Title:  �Diffusion Samplers Use and Benefits�
• This presentation will focus on the ITRC Diffusion Sampler Team�s document and the

state of the practice for using diffusion samplers at contaminated sites.
 
 Jim Harrington (15 min.)
• ITRC DNAPLs Team Leader - New York Department of Environmental Conservation
• Title:  � An Overview of Emerging Characterization and Remediation Technologies for

Dense Non-Aqueous Phase Liquids�
• Contamination by Dense Non-Aqueous Phase Liquids (DNAPL) is a problem that exists

at many sites throughout the country (and the world).  Although research and
development for technologies to locate and remove DNAPLs has been ongoing for some
time, the technologies are only beginning to become commercialized and used on a
widespread basis. The ITRC DNAPL Team undertook an effort to review the emerging
characterization and treatment technologies for DNAPL. This presentation will discuss
the results of that effort.

 
 Carl Spreng (15 min.)
• ITRC Radionuclides Team Leader - Colorado Department of Public Health &

Environment
• Title:  "Radionuclides & Permeable Reactive Barriers - Timely Team Topics"
• The presentation will discuss activities of two ITRC Technical Teams focused on

Permeable Barrier Walls and Radionuclides.  The discussion will include the teams'
purpose, products, other activities and benefits, with some specific examples of
application.

There will be a question and answer period (approx. 20 min.) at the conclusion of the panel
presentations moderated by John Lehr.



ITRC Panel :  Environmental Restoration Technology End User Conference 
(June 6-8, 2000 � Augusta, GA)
Biographies:

Mary A. Yelken is an Environmental Programs Advisor for the Western Governors� Association
(WGA). She is currently detailed to the Interstate Technology and Regulatory Cooperation
(ITRC) Work Group as a Circuit Rider assisting states with innovative environmental technology
acceptance and serves as an ex-officio member to the ITRC Leadership Team.  Prior to working
for WGA, Mary was a Superfund Program Specialist (Hydrologist) in the Hazardous Waste and
Air Management Division of the Nebraska Department of Environmental Quality (NDEQ).
While working for NDEQ, Mary was Superfund site project manager and the ITRC�s State
Engagement Coordinator as well as a state representative on the ITRC Leadership Team.  In
1990 Mary received a Bachelor of Science degree in Biology/Chemistry Education from the
University of Nebraska, Kearney.  She also earned a Master of Science degree in 1996 in Water
Resources Management from the University of Nevada, Las Vegas and is continuing her
education at the University of Nebraska, Lincoln, focusing on an interdisciplinary approach to
water resource and environmental management.

Jim Harrington has been with the Department of Environmental Conservation for over 20
years.  He is currently the Chief of the Technology Section in the Division of Environmental
Remediation. He has also has been part of the Interstate Technology and Regulatory Cooperation
Workgroup since its inception over 5 years ago. He has been a member of the Management
Team, led the Low Temperature Thermal Desorption Team and been co-leader of the
Verification Team. He is presently leading the Dense Non Aqueous Phase Liquid (DNAPL)
Team and is the State�s Point of Contact.

George Nicholas is a hydrogeologist with the New Jersey Department of Environmental
Protection.  He has over ten years of experience in overseeing ground water investigations and
remedial actions at Superfund sites, RCRA facilities, and privately owned industrial sites
throughout the state of New Jersey.  He also serves as a Brownfields Coordinator for the NJDEP
and works on redevelopment projects with the Hackensack Meadowlands Development
Commission and the City of Long Branch.  George has been involved with the ITRC as a proctor
at several of the ITRC Natural Attenuation Training Seminars, and in the last year he has been
the team leader for the Diffusion Sampling Team.

Carl Spreng is currently the Co-Leader for the ITRC Radionuclides Team and represents the
Colorado Department of Health and Environment.  For the past nine years Carl has been
overseeing the environmental restoration activities at the Rocky Flats site.  Carl has a Masters
Degree in Geology from BYU.



 I  NTERSTATE
T ECHNOLOGY &
R EGULATORY
C OOPERATION

�Creating tools and strategies to
reduce interstate barriers to the
deployment of innovative
environmental technologies�

PRESENTED BY:
Mary Yelken

ITRC Circuit Rider

Western Governors�
Association



STATE-LED INITIATIVE WITH:
 31 States (and growing)

 Sponsoring State Organizations

    Environmental            Western      Southern States
    Council of       Governors�         Energy Board
     the States         Association

 Public/Tribal Stakeholders

 Academic and Industry Representatives

 DOE     US EPA        DOD

Who Is Involved?



Active ITRC States

 

ITRC STATES � A Growing Network

 Increase in state participation

 Regulators gaining increased comfort/confidence in innovative environmental
technologies

 Regulators are proactive in considering new tech.



 Diffusion Samplers

 Dense Nonaqueous Phase Liquids
(DNAPLs)

 Radionuclides

 Permeable Reactive Barriers

 In Situ Chemical Oxidation

 In Situ Bioremediation

 TARP (Technology Acceptance and
Reciprocity Partnership)

 Enhanced In Situ Biodenitrification

 Phytoremediation

 Unexploded Ordnance (UXO)

Technical Teams

 Accelerated Site Characterization
 Low Temperature Thermal

Desorption
 Metals in Soils
 Plasma Technologies



Products and Services

 Technology Overviews
� Emerging technologies
� Regulatory issues

 Case Studies
� Document demonstrations and
approval processes

 Technical/Regulatory Guidance
� Reflect consensus of technical
and regulatory concerns / info. needs

 Training
� Technical/Regulatory for Decision-

making
� National classroom events
� Internet seminars



          Natural Attenuation Training Course      Students Trained

       Accelerated In Situ Bioremediation Training Course     Product Use at a Site

       Permeable Reactive Barriers Training Course     Institutional Success

Active ITRC States 
(31 plus DC) 

ITRC � Nationwide Success



What are the impacts of the ITRC?

 Communication/Collaboration � Keys to Success
� Reliable/quality nationwide network of the environmental community
� Increasing predictability of decision-making process

 Product Use at Sites / Training Events
� Reducing time for regulatory decision-making process to determine

appropriateness of the technology � (approval or disapproval)
� NJ  - 20% savings in state staff review time
� CO � integrated use of PRB into standard practice
� KS � expedited decision making for natural attenuation

 Institutional Change
� States changing the way they do business

� ITRC documents � part of some state policies (MN,WY)
� Innovation in contracting (NE)

� States collaborating to reduce regulatory barriers



How Can You Benefit?

 ITRC Resources � tools to assist in decision-
making/deployment of innovative tech. at sites
� Documents
� Training
� Access to peers across the U.S.

 Technical info. from researchers/academia
 Learn along side regulators/consultants/federal

agencies/stakeholders in training activities
 Professional development

� Quality technical and regulatory info.
� Technical team participation
� Forum to share your expertise
� Build peer network



Training:
Permeable Reactive Barriers

 In-situ treatment for contaminated groundwater
(e.g., iron filings)

 1 1/2 days - ITRC, EPA, RTDF

 Implementation, Effectiveness, Cost, etc.

 Dates/Locations 2000
� June 13-14:  Denver

� July 25-26:  Chicago

� Sept. 12-13:  Kansas City

 http://www.itrcweb.org



Training:  Accelerated Bioremediation of
Chlorinated Solvents

 Technical/regulatory info. needed to implement

bioremdiation as a remedial option

 Learn with regulators, consultants, responsible parties

 ITRC/RTDF/EPA

 National Training effort targeting 12 locations

 Coming to a location near you in 2000-2002

� Atlantic City - June 6-7

� Boston, September 19-20

� San Antonio, October 19-20



Internet Training Opportunities

 Throughout 2000 from the comfort of your office

 ITRC/RTDF/EPA - training partnership

 ITRC Technical Training Areas

� Natural Attenuation (July 26th)

� Enhanced In Situ Bioremediation

� Permeable Reactive Barriers

� Low Temperature Thermal Desorption

� Phytoremediation
ITRC



How do I get more
ITRC information?

 INTERNET:  www.itrcweb.org

 ITRC Circuit Rider
Mary Yelken
Western Governors� Association  (WGA)

email: myelken@westgov.org
Phone:  402-325-9615

�Bringing the environmental community
together to build smarter solutions
for contaminated site clean-up.�
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 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000

An Overview of Emerging
Charaterization and Remediation

Technologies for DNAPLs
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 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000

Presentation Overview

q About the DNAPL/ChemOx Team

q Past Year�s Activities

q Technology Overview Document

q Year 2000 Work Plan / Activities
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 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000

About the DNAPL/ChemOx Team

q History
� Formed in 1999 to assist the Interagency DNAPL

Consortium (IDC) at Cape Canaveral demonstration
� Later extended team focus to include overview of

emerging DNAPL technologies
� DNAPL/ChemOx Team together through 1999; split

off in early 2000
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 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000

Past Year�s Activities

q Interagency DNAPL Consortium (IDC)
� Reviewed work plans submitted to IDC by technology

vendors for Cape Canaveral demonstration
� Participated in Regulatory Panel discussions during

IDC Visitor Day in January 2000

q Technology Overview Document
� Prepared overview document entitled DNAPLs: Review

of Emerging Characterization and Remediation Technologies
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 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000

     IDC Demonstration at
 Cape Canaveral Air Station

q Demonstration at Launch Complex 34
� Three contiguous test plots behind Engineering

Support Building
� Non-aqueous phase TCE in saturated sand

q Three DNAPL Technologies Being Piloted
� Six-Phase Heating (SPH)
� In Situ Chemical Oxidation (ISCO)
� Dynamic underground stripping (DUS)
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 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000

DNAPL Technology Overview
Document

q Title, DNAPLs: Emerging Characterization and
Remediation Technologies

q Topics Covered Today
� Intro: The Problem with DNAPLs
� Part I: Characterization Technologies
� Part II: Remediation Technologies

q Document Status
� Finalized May 2000
� Electronic version available now
� Posting on Web Site and printed version available by

summer
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Document Intent

q The purpose of the DNAPL document is to �

� Educate regulators and project managers about the
DNAPL problem, and

� Spotlight a selection of emerging characterization and
remediation technologies for DNAPLs



888

Environmental Restoration TechnologyEnvironmental Restoration TechnologyEnvironmental Restoration Technology

 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000 End Users Conference- June 6-8, 2000

Appropriateness of Document

q When and how should the document be used?
� During site characterization �

Ø To evaluate potential for DNAPL to exist and recognize
DNAPL indicators

Ø To understand pros and cons of various in situ
characterization technologies

� During remedy selection process �
Ø To screen remedial action alternatives
Ø To understand pros and cons of emerging DNAPL

remediation technologies
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Intro: The Problem With DNAPLs

q What Are DNAPLs?
� Dense Non Aqueous- Phase Liquids

ØMore dense than water, a.k.a. �sinkers�
Ø Form separate phase with unique properties

q What are some examples of DNAPLs?
� Common Chlorinated Solvents

Ø Trichloroethene (TCE)
Ø Tetrachloroethene (PCE)

� Heavy Hydrocarbons
Ø Creosote
Ø Coal tar
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Why Are DNAPLs a Problem?

q Spreading
� Migrate downward along least resistant path into

fractures and soil microstructures
� May not follow ground water direction

q Detection
� Difficult to characterize via borings or wells
� Can easily escape detection

q Elimination
� Recalcitrant to natural attenuation/biodegradation
� Continuing source of ground water contamination
� Difficult to recover via pumping or vapor extraction
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Schematic of DNAPL Release

DNAPLs (PCE, TCE,
DCE)

Thin aquifer  zone

Low permeability layer or
impermeable zone

Permeable zone

Natural Fractures

Matrix

NAPL

Dissolved Sorbed

Vapor

Low permeability deposit

Source: April 28, 1999 presentation by Kathryn S. Lowe (ORNL)
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How Have DNAPL Sites Been
Investigated in the Past?

q Soil Borings
� Visual observation (supplemented by dyes or UV)
� Odors

q Ground Water Samples
� Rule of thumb: present if >1 percent of solubility
� Hydrophobic dyes

Traditional Approach = �Hit or Miss�
(Usually a Miss)
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How Have DNAPL Sites Been
Remediated in the Past?

q Removal
� Hot spot excavation
� Ground water pump and treat

q Ground Water Containment
� Source material and/or dissolved contaminant plume

physically contained with long term monitoring

All too often results in continuing ground water
problem due to dissolution of residual DNAPL
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More Effective Technologies Are
Emerging

q For Characterization �

� Geophysical Techniques

� Direct-Push Technologies

� Chemical Tracers

q For Remediation �

� Surfactant Flushing

� Thermally Enhanced SVE

� In Situ Chemical Oxidation
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Emerging vs. Mature Technologies

Disclaimer �

�The technologies included in our review are, for the most
part, not mature and therefore, limited data from actual
field investigations or remedial operations are available.�

� Most of these technologies not yet commercially
available

� No meaningful Cost and Performance data available

� Information based on review of various demonstration
projects
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Part I: DNAPL Characterization
Technologies

q Three general types of emerging characterization
technologies are presented:
� Geophysical Techniques

Ø Non-invasive
Ø Indirect; require verification sampling

� Direct-Push Technologies
Ø Minimally invasive
Ø Innovative sensors and tools

� In Situ Chemical Tracers
Ø Large-scale gas chromatography
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Part II: DNAPL Remediation
Technologies

q In Situ Flushing
Ø Surfactant flooding
Ø Co-solvent flushing

q In Situ Thermal Technologies
Ø Dynamic underground stripping
Ø Hydrous pyrolysis / oxidation
Ø Six-Phase Heating (SPH)

q In Situ Chemical Oxidation (ISCO)
Ø Permanganate
Ø Hydrogen peroxide
Ø Ozone
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How Do I Get More Information?

q Read the Document
� Final document available

q Ask Technical Team Members
� DNAPL Team � Jim Harrington, NY
    518-457-0337  jbharrin@gw.dec.state.ny.us
� ChemOx Team � Tom Stafford, LA
    225-765-0487   t_stafford@deq.state.la.us
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DNAPL TEAM 2000 Activities

q Finalized Overview Document � May 2000
q Continue to Monitor Cape Canaveral
q Produce New Document
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DNAPL TEAM

q WE WANT YOU!
� Savannah River Site has conducted

many demonstrations
� End Users get the experience first
� State of the technology is evolving



Rads & PRBs - Timely
Team Topics

Environmental Restoration
Technology End User
Conference
Augusta, GA
June 7, 2000

Carl Spreng

Colorado Dept. of Public Health
& Environment



ITRC Teams:

n #1 - Mature, focus on innovative
remedial technology è PRB

n #2 - New, focus on problematic
contaminant è Radionuclides



Permeable Reactive
Barriers (PRB) Team
n PURPOSE:

Facilitate the deployment of
permeable reactive barrier systems
by producing regulatory guidance
documents, developing training
and providing a forum to advance
this innovative technology.



USDOE Rocky Flats Mound Site Plume, Tetra Tech EM, Inc. 1998

Collection Trench w/
Impermeable Barrier

Plumes
Remediated 
Groundwater

Water 
Table

Flow
Direction

Reactor Cells w/
Reactive Media

Passive Collection with
Reactor Cells



East Trenches Plume Project (5/26/99)

PRB Collection System
Excavation



East Trenches Plume Project-Hanging Panels



East Trenches Plume - Treatment Cells



903 Pad Gamma Spectroscopy Survey

Solar Ponds Plume Project -
Treatment Cell



Permeable Reactive
Barriers (PRB) Team
n PRODUCTS:

- �Regulatory Guidance for PRBs
Designed to Remediate
Chlorinated Solvents� (1997)
- �Design Guidance for Application
of PRBs to Remediate Dissolved
Chlorinated Solvents (1997)
- �Regulatory Guidance for PRBs
Designed to Remediate Inorganic
and Radionuclide Contamination�
(1999)



Permeable Reactive
Barriers (PRB) Team

n DOCUMENT  REVIEW:
- Review documents produced by
other groups or agencies (e.g.,
Naval Facilities Engineering
Service Center)



Permeable Reactive
Barriers (PRB) Team
n TRAINING:

- Developed 1½ day course with EPA &
RTDF
- Designed to assist regulators/ regulated
in developing/overseeing the deployment
of PRB systems
- Training completed at 7 locations
- 3 training sessions left:
     iDenver (June 13-14)
     iChicago (July 25-26)
     iKansas City (September 12-13)



Radionuclides  Team
n PURPOSE:

Facilitate cleanup of radioactively-
contaminated federal facilities by
fostering dialogue between states,
stakeholders and federal agencies
in order to increase awareness of
issues and procedures at sites in
other states, encourage regulatory
cooperation, and share
technological successes and
approaches.



Radionuclides  Team
n FOCUS  AREAS:

-  Cleanup Levels
-  Characterization
-  Cleanup Technologies
-  Waste Issues
-  Stewardship



Radionuclides  Team
n PRODUCTS:

1. �Radiation Reference Guide�
2. �Land Use Controls: Challenges
for Future Management of Radio-
logically Contaminated Sites and
Associated Case Studies�
3. �Cleanup Levels Case Studies�
4. �Regulatory Guidance - In-Situ
Characterization for Radionuclides�
5. �Regulatory Guidance - Long-
Term Monitoring for Radionuclides�



Radionuclides  Team

n TECHNOLOGY  DEPLOYMENTS:
- Sandia NL (Alternative Covers,
Measurement-While-Drilling)
- Los Alamos NL (Segmented
Gate, In-Situ Vitrification)
- Hanford (Colloidal Borescope,
Alternative Covers, Tank Cleaning)
- Fernald (In-Situ Characterization)



In Situ Vitrification -
Los Alamos NL



Segmented Gate -
Los Alamos NL



Los Alamos



Hanford Site



U Plant Canyon -
Hanford Site



Flight Mixer Pump Demo -
Hanford Site



ERDF Disposal Facility -
Hanford Site



Radionuclides  Team

n Review of technologies and
policies from a state regulatory
perspective
- Accelerated Site Technology
Deployment - ASTD (DOE)
- Environmental Technology Verification
Program - ETV (EPA)
- Environmental Security Technology
Certification Program - ESTCP (DOD)
- Office of Long-Term Stewardship
(DOE)



ITRC  Website:
 http://www.itrcweb.org

n Guidance documents

n Calendar of events

n Newsletters

n Team information

n Publication order form



DIFFUSION  SAMPLERSDIFFUSION  SAMPLERS

George H. Nicholas, Team Leader
ITRC Diffusion Sampler Work Group

Project Status
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Presentation ContentPresentation Content

¬ Partnerships: Who is involved in project

 Project Goals: What do we hope to
achieve?

® What are Diffusion Samplers?

¯ Advantages/Disadvantages & Deployments

° Schedule
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PartnershipsPartnerships

USGS
Don Vroblesky, Columbia, SC Office

US Navy
Naval Facilities Eng. Command & Eng. Serv. Cntr.

US Air Force
Air Force Center for Environmental Excellence

ITRC
Work Group: States of SC, CA, TN and NJ
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Project GoalsProject Goals

¬ Generate Protocol
í Standardize Field Implementation

í Identify Limitations/Intended Application

í Appendices Containing Supporting Data

 Promote Use of Technology
í  ITRC: State Acceptance & Deployment
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What Are Diffusion Samplers?What Are Diffusion Samplers?

í Heat Sealed Polyethylene Flat Tubing

í Protective Polyethylene Mesh Sleeve

í Filled w/ Distilled Deionized Water
(~250-300ml)

í Suspended in Well by Weighted Line

í 2 Week Equilibration Time



Parsons
Engineering
Science, Inc.

McClellan
AFB, CA
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Advantages & DisadvantagesAdvantages & Disadvantages

! No Purge Water

! Less Field Equip.

! Less Labor

! Discreet Interval
Enables Vert. Del

! Simple & Cheap

! Minimal Decon.

!Limited Application
LTM for VOCs

!Averages Concentr.
48 hr. Equilibration time

!Relies on GW Move-
ment through Screen

!Not Recomm. for
Initial Investigation

GOOD BAD
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Compounds Showing GoodCompounds Showing Good
Correlation (Lab Data)Correlation (Lab Data)

u Benzene

u Chlorobenzene

u Carbontetrachloride

u Chloroethane

u Chloroform

u Dichlorobenzenes

u 1,1-Dichloroethene

u cis-1,2-Dichloroethene

u Ethylbenzene

u Naphthalene

u 1,2-Dichloropropane

u 1,1,1-Trichloroethane

u 1,1,2,2-Tetrachloroethane

u Trichloroethene

u Tetrachloroethene

u Vinyl Chloride
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Some Compounds ShowingSome Compounds Showing
Moderate CorrelationModerate Correlation

(Lab Data)(Lab Data)

u Bromomethane

u Total Xylenes

u 1,2-Dichloroethane

u trans-1,2-Dichloroethene

u Methylene Chloride
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Some Compounds ShowingSome Compounds Showing
PoorPoor Correlation Correlation

(Lab Data)(Lab Data)

u 1,1-Dichloroethane

u Methyl-tert-butyl ether (MTBE)

u Styrene



V Naval Air Station North Island, San Diego, CA

V McClellan Air Force Base, CA

V Hanscom Air Force Base, MA

V Naval Industrial Reserve Ord. Plant, Fridley, MN

V Naval Weapons Station, Louisville, KY

V Marine Corps Logistics Base, Albany, GA

V Davis Global Communications, CA

u Massachusetts Military Reserve, MA

u Naval Air Station Whiting Field, FL
11

DEPLOYMENTSDEPLOYMENTS

* = Field Reports will be Contained in Protocol Appendices
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PROJECT SCHEDULEPROJECT SCHEDULEPROJECT SCHEDULE

u April 14, 2000 - Draft Issued

u May 14, 2000 - Comments Due

u June 12, 2000 - Issue Draft Final/USGS Review

u July 12, 2000 - Comments Due

u August 31, 2000 - Issue Final Document



Phytoremediation of Chlorinated Solvents in a Surficial  Aquifer
by Hybrid Poplar Trees.

Harry  
U.S. EPA

John  
U.S. Army Garrison, Aberdeen, MD, USA

Dale  
Lockheed  New Jersey, USA

E-mail: 

Abstract
A pilot-scale  study was implemented in the spring of 

at the  Area of Aberdeen Proving Ground in  County, Maryland.
A portion of an approximately one acre area was planted with hybrid poplar 

 x     in an effort to intercept and contain volatile
organic compounds  in the groundwater originating from former disposal
pits. Primary contaminants of concern include   and 

Trees were initially planted two to eight feet below
ground surface. Monitoring wells and  were also installed strategically
throughout the site. Trees and wells have been monitored several times each year
since this study has commenced. As of  it was calculated that the trees were
removing more than  liters  of groundwater per day during the active
growing season and it is estimated that this will increase to more than  L per day
as the trees fully mature. Corresponding data indicate that these trees have had an
impact on the groundwater elevation during the growing season Analysis of
transpiration gases and condensate reveal site contaminants and their breakdown
products. This particular site has provided much information for 
of 

Introduction
The J-Field Toxic Pits Site is located at the southernmost end of Gunpowder

Neck  in the  Area of Aberdeen Proving Ground, 
County, Maryland. J-Field was historically used for the disposal of many types of
chemical wastes and explosives. These materials were detonated or burned in open
pits and trenches, often with the addition of hydrocarbon fuels to enhance
combustion of the waste material. Two parallel pits approximately 3 meters 
deep by  m wide by  m long are the main source of contaminants identified in
the groundwater. The contaminants exist primarily in a  aquifer which
slowly flows towards a freshwater marsh. Significant levels of  primarily

 and 1 1 2 2 , , , , have been detected in this  aquifer at levels up to
 milligrams/liter   The water table is generally  1  1 



This Page is Reserved for Figure  a computer generated map of J-Field showing the
 contamination plume and location of the  trees.



of the ground surface.
 using trees was determined to be a feasible option at this

site due to lack of time limitations, a sensitive environment, high groundwater,
design flexibility, and proven ability of poplar trees to remove the contaminants of
concern. In addition, other technologies investigated proved inappropriate or
impractical for this site. It has been estimated that a  L/minute groundwater
extraction system would be enough to control the flow of groundwater in the area
(Quinn et al.  Poplar trees were chosen because they are  and the
contaminated groundwater at this site is known to be relatively shallow. Hybrids
were chosen because the leaf area of hybrids are considerably larger than either
parent species potentially allowing for much greater  combined
with a faster rate of growth  

A pilot-scale  study was implemented in the spring of 
The planted area is approximately   and originally consisted of  hybrid
poplar trees   x   5  This site has been
continuously monitored since the beginning and it appears that the use of trees is
meeting the objectives for this site. In addition, the site is providing useful

 data for a contaminated site spanning over several years.

 Objectives
The objectives of this particular site is to demonstrate that 

is a viable alternative for  of shallow groundwater contaminated with
The study must show that the  aquifer can be intercepted and

contained due to  from the tree plantation, and that the volatile
organic compounds in the groundwater can be removed and/or destroyed through
natural mechanisms.

The effectiveness of specific mechanisms, as well as the optimal methods to
monitor them, are the subjects of ongoing research. In order to show that these
objectives are being met, it is necessary to:

 Determine aquifer  within the planted area as related to its zone
of influence and seasonal fluctuations.

 Estimate groundwater removal rates by the hybrid poplars to determine the
extent at which the trees are removing groundwater and to model future water
use of the trees.

 Determine that  are being removed and or destroyed through natural
mechanisms.

 Model the time it will take to reduce the contaminants of concern.

 Materials and Methods

 Rates and Groundwater Removal
  rates of individual, mature trees were estimated by

measuring sap flow using the   TM Flow  system 
Sap flow, tree size, and on-site weather conditions were examined 

over a three-year period. Sap flow and data on tree growth have been used to



calculate current and future groundwater removal rates by the poplar plantation after
generating a crop index specific for this site. Tree size was measured using a manual

 tape to record diameter of the trees approximately  meters  the
ground. Leaf area was calculated using a  leaf area meter 
Weather data was utilized to estimate the overall  potential
demand on a daily basis for a three year period. A Campbell Scientific
Meteorological Station was used to collect wind speed, relative humidity,
precipitation, temperature, and net solar radiation. The  potential
and sap flow data were used to generate a tree and site specific crop index for the
planted region. Leaf area measurements were also collected in July of  and
compared to trunk areas to estimate the progression of leaf area index.

Groundwater Sampling.
Fourteen wells and four  are located within the vicinity of the

 area. In addition, numerous  microwells have been
installed throughout the site. Groundwater levels are monitored and the effect of the
poplar trees on the groundwater levels can be closely observed. Groundwater
sampling for  is regularly performed.

Tree Tissue Sampling.
Tree tissue (leaf and bud) extract samples are analyzed seasonally using
 following methanol extraction using U.S. EPA standard methods.

Transpiration Gas Analysis.
Samples were taken utilizing a clear, 2   liter  bag with

dual stainless steel fittings, manufactured by  (TM) Inc. and placed over the end
of two or three healthy branches. Several modifications were made by varying
sampling location on the tree, experimentally cooling the collecting bag, and
sampling method.

Condensation formed in the  bag after sealing over a tree branch. This
condensate was sampled after the transpiration gas was sampled but before the
sampling bag was removed  the tree.

Nematode Sampling

Soil samples were collected for nematode extraction once each year since
 Three soil samples were taken from around each tree at approximately 

centimeter (cm),  cm, and  cm increments perpendicular to the base of the tree.
All three samples were then combined and sent to a sub-contracting laboratory. The
samples were split into three  gram  subsamples, placed onto  funnels
and extracted for  hours. Nematodes encountered were placed into functional
groups based on esophageal morphology and known feeding habits. The following

 groups were identified:   herbivores,
omnivore/predators,  and unknowns.

Modeling



Flow and contaminant transport modeling was performed to estimate the
capacity for the poplar trees to remove contaminant mass and to predict the time to
restore the  aquifer. Two methods of modeling have been  at J-Field,
one based on analytical methods of   and the other utilizing numerical
methods based on a  flow  and contaminant transport

 model. (McDonald and   Clement, 

 Results

 Rates and Groundwater Removal
The trees have grown considerably since they were first installed.

Correspondingly the  rates and associated groundwater removal
have increased and it is predicted that they will continue to increase as the trees
further develop and mature.

Stem diameter initially increased by  cm year but declined to  cm
increase/year between July  and July Leaf Area Index  was
calculated to be an average of  and a maximum or  as of the  growing
season. A canopy closure is predicted to occur at a  of 4 and may occur during
the  growing season. Sap flow estimates for  indicate that the poplar
plantation is removing more than  L of water per day (based on a  day
growing season) with individual trees removing more than  L per day on average
(Figure  It is predicted that the amount of water use will increase to  L/day
for the entire poplar plantation  L/Tree/day). Note that these values are averages
and that transpiration rates vary by individual tree, season, and weather patterns.

Groundwater Sampling
Continued monitoring of groundwater levels indicate a depression in

groundwater at the  plot. A groundwater depression of 
centimeters or more has been recorded during the growing season.



Figure  Average Tree Water Use at J-Field

Results of  sampling  m below ground surface  have
detected both  and  at the tree root zone.  ranged from  to

  and  was found at a concentration of   

Tree Tissue Sampling
Appropriate preparation and analysis methods for tree tissue sampling is

difficult to determine. Summer results for one year only indicated  in three
of seven leaf samples at levels of    wet weight. Leaf bud data from
March,  indicated  at levels of  to   and  at 
and   wet weights.  are  found in some tree tissue
although not in all samples.

Transpiration Gas Analysis
 have been consistently detected in transpiration samples. In  

and  were found at levels ranging from  to  parts per billion by
volume  Seasonal trends have been observed, with levels increasing during
the warmer months and then decreasing again in the fall (Table 

Table 1 Seasonal Transpiration Gas and Water Results 

Spring Fall

Gas Water Gas Water Gas Water

ND

Nematode Sampling
The nematode population was found to increase in total abundance and

specifically the  community the first year  the trees were planted. It
was believed that the presence of the trees may have enhanced the habitat for the
nematode population. However,  and  showed a decrease in nematode
population. It is speculated that this decrease may be related to the droughts which
occurred during these two summers.  addition, sampling has been limited to only
one sampling event per season. More data is needed.

Modeling
The performance of the  technology was simulated using

both analytical and numerical models. Currently, four years of data exist to develop
the models. These models were used to estimate the amount to contaminant mass 
the poplar trees may remove  the  aquifer over the lifespan of the
plantation and to predict the time required to restore its water quality. Although such



models have their limitations, they do provide some guidance to the feasibility of
cleaning up a particular site.

A method of estimating contaminant uptake rate has been popularized by
The use of this equation as applied to this particular site can be

summarized below.
The uptake rate is given by the equation:

where Uptake rate of the contaminant in 
 Stream Concentration Factor (no units)

Transpiration rate of the vegetation (liters/day)
Aqueous phase concentration in soil or groundwater

After solving for  contaminant uptake and clean-up time are given by:

 

where first order rate constant for uptake, 
contaminant uptake rate,  (calculated from above)
Mass of contaminant initially, kg

An estimate for the mass of contaminant remaining at any time is  MO 

Solving for the time required to achieve clean-up of a known action level:

t =  

where time required for clean-up to action level, 
Mass allowed at action level, kg
initial mass of contaminant, kg

 The total  at J-Field has been estimated at  kilograms (kg) in
solution and an additional  kg associated with the soil. Concentration of  has
been measured as  The J-Field hybrid poplar trees are estimated to be
transpiring/removing  L of  (at maximum).
There are approximately  trees on the site, which covers an area of about 1 acre.

 for  is 

Calculating for  removal of the soluble   years. If it is assumed that
all of the   kg) on site will become soluble, then  removal is
calculated:   years.

 The total  at J-field has been estimated at
 kg soluble and  kg total. Concentrations have been measured at



  is 

For  reduction of the soluble    years
If it is assumed that all of the   kg total) on the site will become
soluble in the aquifer, then  removal is calculated:   years.

A more comprehensive numerical model was constructed to evaluate the
performance of an integrated remedial system. The  designed to
hydraulically contain and ultimately reduce the  plume and consists of
groundwater circulating wells or extraction wells located in the core of the plume to
provide active source control. The source control is combined with monitored
natural attenuation  and  instituted to further reduce
dissolved-phase contaminants. The more detailed modeling effort was conducted to
examine the effectiveness and optimal configuration of the integrated remedial
technologies. The additional level of modeling was  based on field
evidence that indicates the hybrid poplars are withdrawing   the shallow
aquifer. Furthermore, field data indicates that natural attenuation  and
groundwater  are capable of reducing the  mass. Monitoring
of natural attenuation parameters indicatesthat  and biotic degradation is
actively occurring and a  day pilot test of a circulating well    of

 removal (WESTON, 
A  flow  and contaminant transport 

model was constructed to estimate the capacity of the remedial system to satisfy the
remedial objective. Model results indicate that the integrated remedial system is
capable oremoving up to  of the total  mass after  years.  was
determined to be the predominant mass removal mechanism unless four or more
wells were employed. Sensitivity analyses indicate that variations in the rate
constants impact these estimates and additional  monitoring is needed to verify
the results.  emerged as a favorable contributor to the remedial
program by providing  of the total mass removal. Model results support field
evidence that show the poplar trees generating partial hydraulic containment of the

 plume during the peak growing season (Schneider et al. 

Conclusions
The results obtained over several years thus far indicate that the project

objectives are being met and that  is a feasible  method
for this particular site. The detection of  and their degradation products in
transpiration gas, condensate, and leaf tissue indicate that the trees are removing or
degrading these contaminants of concern. Although the mechanism and rate of

 removal are not known, the detection of these compounds offer strong evidence
that the trees are actively withdrawing   the aquifer. Sap flow rates and

 ground water levels provide evidence that containment and interception of
groundwater flow is also occurring. In addition, it is possible that the trees may also
be enhancing the soil community although further investigation is needed. Finally,
models can be used to estimate contaminant removal at this site. Based on the two



models presented, the site contaminants may be reduced by up to  in  years.
This study provides evidence that  can be successfully applied to
sites that satisfy the application criteria and comprise similar  settings.
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ABSTRACT
Plants have been proposed for a variety of remedial actions involving toxic compounds. For many
of the groundwater applications, hybrid poplars are functioning as biological hydrologic control
systems by doing what they do best � pump significant amounts of water from an underground
aquifer. Other systems use poplars to remove excess nutrients from agricultural fields, or from
wastewater streams. At the University of Washington, we are looking at the ability of plants such
as poplar and willow to not only control water movement, but also to take up the pollutants from
the ground water. Current data demonstrates that for a variety of environmental pollutants, plants
are capable of both uptake and degradation of these pollutants. Laboratory and fieldwork
supported by Occidental Chemical, the National Institute of Environmental Health Sciences and
the Department of Energy has proven that hybrid poplars are capable of degradation of
compounds such as Trichloroethylene, Perchloroethylene and Carbon Tetrachloride. Additional
studies are underway to look at the ability of a variety of plants to take up and degrade
compounds such as Methyl-t-Butyl Ether, Dibromopropane and Ethylene Dibromide. Genetic
engineering work is focusing on the insertion of genes into triploid poplars that will enhance their
ability to degrade more recalcitrant compounds. Overall, plants are emerging as one of the more
cost affect and ecologically sensitive tools for the clean up of contaminated groundwater.
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TITLE:
Phytoextraction of Inorganic Contaminants from

Soil Technology Review

                                         AUTHOR:          
J. Michael Kuperberg, Ph.D.

Florida State University
Tallahassee, Florida  32
mkupe@mailer.fsu.edu

ABSTRACT
Phytoextraction is the use of plants to remove contaminants from impacted media (e.g.,
lead from soil).  Phytoextraction of inorganics from soil is a developing, but viable
remediation technology.  Using combinations of plants, methodologies, and timeframes,
phytoextraction can be applicable to a variety of contaminated sites.  Phytoextraction is
effective over a wide range of inorganic contaminants and time scales.  The maturity of
this technology varies with contaminant and media. Additional experience through
carefully controlled and monitored demonstrations is needed in order to obtain the
necessary baseline performance and cost data.  This talk will review the status of this
technology for selected inorganic contaminants.



Phytoextraction of inorganic
contaminants from soil

Technology review

J. Michael Kuperberg, Ph.D.
Institute for International Cooperative

Environmental Research
Florida State University

E R  T E C  2 0 0 0  P h y torem ediation  Panel Session



Workshop on
Phytoremediation of

Inorganic Contaminants
November 30 � December 2, 1999

Argonne National Laboratory
Chicago, Illinois

Two day workshop

Sixty eight participants

Four sections:

Removal from soil

Stabil ization and sequestration

Ground water applications

M onitoring



Ready for Prime Time?

Contaminant

Category

Ni Co Se Pb Hg Cd Zn As Cs Sr H3 U

Readiness 4 4 4 4 3 2 3 1 3 2 3 3

Uninduced phytoextraction 4 4 4 0 4 4 4 1 2 2 n/a 0

Induced phytoextraction 0 0 0 4 0 1 0 0 0 0 0 3

Regulatory acceptance Y Y N Y N Y Y N Y Y Y N

0 = none 1 = basic research underway 2 = lab scale (field ready)

3 = field scale deployment 4 = under commercialization



Findings & Recommendations
� Phytoextraction is a viable remediation technology

� Technology needs:

� Basic research on plant physiology and soil chemistry

� Species screening and genetic improvement

� Federal ly sponsored f ield tests of phyto-remediation at
multiple si tes

� Quantitative risk assessment based on known concentration
factors and exposure periods

� Toxicity related to food chain transfer and physiological
sequestration in plants

� Predictive models



Subsets of Phytoremediation

� Phytoextraction

� Phytovolati l ization

� Phytodegradation

� Rhizofiltration

� Phytostabi l ization



PHYTOREMEDIATION:PHYTOREMEDIATION:
  a variety of technologies using plants to

remove pollutants from the environment or
render pollutants harmless

PHYTOEXTRACTION:PHYTOEXTRACTION:
the use of plants to remove

contaminants from impacted media
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Phytoextraction processPhytoextraction process



�Mobilization in the soil

�Root uptake

�Vacuolar storage

�Transport to the vascular tissue

�Transport in the xylem
elements

�Possible redistribution from
the xylem to the phloem

�Vacuolar storage

�Possible remobilization

�Possible volatilization

Key Elements of PhytoextractionKey Elements of Phytoextraction
ProcessProcess



Gradual PhytoextractionGradual Phytoextraction

Plant growth
Metal accumulation



Gradual PhytoextractionGradual Phytoextraction

Thlaspi caerulescens L.

Hyperaccumulators

Up to 1%
Zn, Ni, Se, Cu, Co, Mn

Up to 0.1% Cd



Induced PhytoextractionInduced Phytoextraction

Plant growth
Metal accumulation

Amendment application



Induced PhytoextractionInduced Phytoextraction

High biomass crop plants

Established agriculture

Management of metal 
bioavailability

Plants can accumulate 
1.0% Pb and 0.5% U



Hg(II)

Hg(II)

HgS

Hg(II)

Hg(II)

MeHg+

MeHg+

MeHg+

Hg(0)

Hg(0)

MeHg+

Reaction
Transport

Plants Alter Mercury Pathways

Phytovolatilization

Phytostabilization

Phytoextraction



DOE-Sponsored Project:
Integrated Approach to the Remediation

of Heavy Metal-Contaminated Lands

Combines basic research with large scale
phytoremediation technology development and

ecological risk assessment

Insti tute for Ecology of Industrial  Areas
K atowice, Poland



DOE International Research

� Goals:

- evaluation/demonstration of phytoremediation

- cost and performance evaluation of process

- optimization of critical factors

� M ajor achievements:

- large scale demonstration

- documented costs and performance

- technological advances in critical factors

- indication of no EDTA  soil microbial toxicity



Computerized amendment control

Directed amendment application
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ARGONNE NATIONAL LABORATORY
APPLIED NATURAL SCIENCES, INC.

TITLE:
Phytocapturing a �Mixed� Contaminant Plume
at Argonne National Laboratory�s Area 317/319

AUTHORS:
M. Cristina Negri*, Ray R. Hinchman* and Edward E. Gatliff#

ABSTRACT
Phytoremediation was deployed at the 317/319 Area at Argonne in the summer of 1999 at a 33 % cost
saving over the baseline technology of capping and extraction wells. At this site tritium is present as a co-
contaminant with VOCs in the groundwater, approximately 10-m deep in the glacial subsoil. Deep-rooted
phreatophytes were planted at the site using a patented system (TreeWell®) to minimize water
infiltration into the source soils, hydraulically contain groundwater migration, remove the tritium from
the subsoil, and continue remediation of the residual VOCs in the plume.
As the plants mature, performance data will validate further predicted cost savings on operations and
maintenance, as the existing extraction wells will be closed and no secondary waste will be generated by
the plants.



Argonne National Laboratory, May 2000

Phytocapturing a �Mixed� Contaminant
Plume at Argonne National Laboratory�s

Area 317/319

M. Cristina Negri*, Ray R. Hinchman,

 James B. Wozniak,  and Edward E. Gatliff�

Argonne National Laboratory

�Applied Natural Sciences, Inc.

presented at the

ER-TEC 2000 Conference - Augusta, GA June 2000

*Contact:  (630) 252 9662; negri@anl.gov

Research Funded by  the US. DOE

EM-50, Subsurface Contaminants Focus Area, and EM-40



Argonne National Laboratory, May 2000

The 317/319 Area at Argonne

u Former (1940s - 1960s) laboratory waste disposal
area , approx 2 ha of surface, several SWMUs in the
area, currently used for waste storage

u Soil is contaminated with VOCs, and groundwater
with VOCs and tritium, baseline technology (asphalt
cap and extraction wells) was considered less
advantageous - limited predictability and zone of
influence of wells in glacial subsoil, plus �perpetual�
pumping

u Currently, extraction wells discharge secondary
waste to Argonne�s treatment plant



Argonne National Laboratory, May 2000

The 317/319 Area Plumes

VOCs

Tritium



Argonne National Laboratory, May 2000

Deployment of  TreeMediation®
at Argonne-East

Instead of an asphalt cap and extraction wells, 809 trees
and a herbaceous cover were planted in 1999 to:

uAchieve hydraulic control of the migrating, 20 to
   30 ft deep  plume
uImprove the degradation of VOCs in soil and
   groundwater
uRemove tritium from the subsoil
uPrevent water infiltration and soil erosion.



Argonne National Laboratory, May 2000

The Subsoil at 317/319 Area
u Complex

stratigraphy
within glacial
sediments forms a
heterogeneous
hydrologic system

u Water bearing
intervals are in
interconnected
sand and gravel
zones

u Hydrologic system
is altered by
perched or
seasonally wet
zones and by
fracturing of
confining clays by
desiccation.



Argonne National Laboratory, May 2000

Remediation Approach

u Deep-planted, unlined TreeMediation® hybrid
willows to address VOC source area

u Deep-planted, TreeWell® engineered hybrid poplars
to achieve hydraulic control of groundwater

u Herbaceous cover throughout to minimize water
infiltration and soil erosion

u When remediation is complete, trees will be cut
down, chipped, used as mulch on site, and native
prairie vegetation established.

TreeMediation® and TreeWell® are patents of Applied Natural Sciences, Inc.



Argonne National Laboratory, May 2000

Planting Layout

QuickTime� and a
Photo - JPEG decompressor

are needed to see this picture.

VOC
source
treatment
area

Hydraulic
control
area



Deployment construction at ANL-E

Argonne National Laboratory, May 2000



Argonne National Laboratory, May 2000

Phytoremediation and Tritiated
Groundwater

u Tritium is known to be directly incorporated in
water and biological tissues

u Plants transpire tritiated water vapor, and plant
biomass may serve as indicator of tritium
contamination

u High transpiring, deep rooted plants can control
contaminated groundwater in an engineered plant
system



Argonne National Laboratory, May 2000

Fate of Tritium in Engineered
Phytoremediation Systems

u Plant uptake with groundwater
� Transpiration into air with water vapor

v Distribution in atmosphere and rapid mixing
with large volumes of air , decay.   Modeling
needs to establish that risks of airborne radiation
exposure are acceptable, largely dependent on
activity concentration and site conditions

� Accumulation in plant tissue
v Mean residence times are 4-37 days

� Easily exchangeable (cell water)
� Not easily exchangeable (incorporated in

tissues)

u Evaporation from soil, seeps...



Argonne National Laboratory, May 2000

Tritium Transpiration:
Worst Case Scenario Emissions

u Use maximum concentration EVER found (500 nCi/L)
-- average below 20

u All tritium is transpired

u 160 trees are planted in area of tritium contamination

u Transpiration rates 2-50 gal/day per tree, April to
October

u Derived exposure calculated  as required by NESHAP
standard (40 CFR 61 Subpart H) using U.S. EPA
CAP-88PC



Argonne National Laboratory, May 2000

Calculated Emissions via Transpiration
Tritiu m  Tra n s p ira tition Rates  a t Ma x Concentration
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Argonne National Laboratory, May 2000

Derived Exposure to Nearest
Member of Public

u Year 1 (2000):  6.32 x 10-6 mrem/yr

u Year 4 (2003) and subsequent:  2.58 x 10-5 mrem/yr

u NESHAP Standard: 10 mrem/yr

u ANL total for calendar year 1999: 4.3 x 10-3 mrem/yr



Argonne National Laboratory, May 2000

Model results predict hydraulic control at 4th year of
growth (Quinn et al, 2000)



Argonne National Laboratory, May 2000

Expected Results

u Hydraulic control expected in four years or less

u Tritium and VOCs emissions are expected to have no
significant impact on dose to exposed population

u Existing extraction wells will be progressively shut off as
plants grow and achieve hydraulic control



Argonne National Laboratory, May 2000

Monitoring Performance
a combined effort:

u Argonne National Laboratory, U.S. Department of
Energy (DOE)

u The U.S. EPA, National Risk Management Research
Laboratory,  Superfund Innovative Technologies
Evaluation (SITE) Program



Argonne National Laboratory, May 2000

Cost Savings and Other
Advantages

u Installation achieved 33% cost savings over baseline
technology

u O&M expected >30% cost savings -- to be
demonstrated at plant maturity

u Minimized handling/transportation of secondary
waste

u Accelerated VOCs cleanup times

u Potential protection from unforeseen releases from
other sources in the area



WESTINGHOUSE SAVANNAH RIVER CO.

TITLE:
Phytoremediation of Chlorinated Ethenes at the Savannah River Site

AUTHOR
Robin L. Brigmon, (Environmental Biotechnology Section, WSRC)

ABSTRACT
Bioremediation of chlorinated solvents is exemplified by phytoremediation by plants and
biodegradation by rhizosphere microorganisms. The potential for phytoremediation of chlorinated
solvents has been demonstrated at the Savannah River Site (SRS) Southern Sector of A/M Area
and TNX/D-Area.  Recent characterization work at the SRS has delineated widespread plumes
(1-2 miles) of low concentration (100 ppb �10-ppm range) trichloroethylene (TCE) and
perchloroethylene (PCE) contaminated groundwater. Phytoremediation deployments are
underway for TCE and PCE phytoremediation in select SRS areas. Phytoremediation appears to
be an excellent technology to intercept and control plume migration.  In areas where plant roots
are above contaminant plumes, pumping and irrigation systems are being established.



R. L. Brigmon, M. Saunders, A. Stanhope, D.
Altman, K. Sessions, and E. Wilde

Savannah River Technology Center, Westinghouse Savannah
River Company LLC, Aiken, SC, Georgia Institute of
Technology, Atlanta, GA, Florida A & M University,

Tallahassee, FL

Phytoremediation of Chlorinated
Ethenes at the

 Savannah River Site



Introduction

� The potential for phytoremediation of chlorinated
ethenes has been demonstrated at various locations in
the Savannah River Site (SRS).

� Recent characterization work at the SRS has delineated
widespread plumes of low concentration (40 ppb �10
ppm range) trichloroethylene (TCE) and
perchloroethylene (PCE) contaminated groundwater.

� Phytoremediation deployments are underway for TCE
and PCE.

�  In a region where the contaminant plume is below the
depth of potential root penetration, an irrigation system
is  being installed.



Background

� Tons of chlorinated solvents were discharged to the
environment at SRS during decades of nuclear material
production.

� Anderson and Walton previously observed microbial
degradation of TCE in soil and plants collected from the SRS
Miscellaneous Chemical Basin.

� An investigation of a contaminant plume at the TNX flood
plain of SRS demonstrated that bald cypress, tupelo and pine
contained significantly higher levels of chlorinated ethenes
than adjacent oak and sweet gum trees.

� Natural attenuation of TCE was demonstrated in rhizosphere
soils from the Southern Sector of A/M of SRS.
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Southern Sector Seepline/Phytoremediation
Project

    Phase 1. (1999-2000) � Setup and Begin Testing
Develop study plan and obtain appropriate permits.
Delineate field test area.  Prepare plot and test reactor  system.
Evaluate design and monitoring techniques.
Provide an initial assessment of the fate and distribution of TCE and PCE in
a field-reactor simulation of seepline soils.
Measure TCE and PCE losses caused by phytoremediation.

Phase 2. (2001 and 2002) � Process Development/Proof of Principle
Expand field test parameters and testing protocols.
Evaluate seasonal and growth effects on plant treatments.
Determine a mass balance for TCE and PCE removal pathways.

Phase 3. (2003 and 2004) � Optimization and Performance Validation
Define optimal process conditions including optimal
groundwater/contaminant flow and removal rates.
Compare costs with alternative clean up strategies.
Validate performance to justify scale-up.



WSRC-MS-2000-00313



Southern Sector Phytoremediation StudySouthern Sector Phytoremediation Study
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Southern Sector  Sampling Strategies
FY2000

� Three Phytoreactor Systems
�     Loblolly Pine

�     Hybrid Poplars

�     Nonvegetated Soil

� Four Types of Samples
� Soil Cores

� Plant Tissues

� Water

� Volatilization



Bioreactor Influent vs Effluent [TCE]
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D-Area Drip Irrigation/Phytoremediation Project

    Phase 1. (2000) � Setup and Begin Testing
Develop study plan and obtain appropriate permits.
Delineate field test area.  Prepare plots and test system.
Evaluate process equipment and monitoring techniques.
Measure TCE reduction caused by phytoremediation relative to losses
attributable to other process parameters.

Phase 2. (2001 and 2002) � Process Development/Proof of Principle
Expand field test area and testing protocols.
Evaluate seasonal and growth effects on the comparative efficacy of
different plant treatments.
Determine a mass balance for TCE removal pathways.

Phase 3. (2003 and 2004) � Optimization and Performance Validation
Define optimal process conditions including maximum, minimum and
optimal flow rates.
Validate performance to justify scale-up.



D-Area Sampling Strategies FY2000
� Six 0.2 Acre Test Blocks

� Three Plot Treatments/Block:

�     Mature Pine

�     Planted Cottonwoods

�     Bare ground

� Four Types of Samples :

� Soil Cores

� Piezometers

� Water

� Volatilization
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D-Area Phytoremediation Treatability StudyD-Area Phytoremediation Treatability Study
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Water Table

TCE Contaminated Groundwater
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